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TITLE 

Vectors for Recombinant Protein Expression in E. Coli 

5 

BACKGROUND OF THE INVENTION 
Humans have exploited the use of genetics and microorganisms for 
their own advantage throughout much of recorded history. Egyptians are credited 

10 with the first use of yeast to produce leavened bread sometime between 4000-2000 
BC, Gregor Mendel produced peas having specific, defined, characteristics in the 
mid- 19th century, and the Food and Drug Administration approved the first 
recombinant drug, human insulin, in 1982. This last feat is often considered to be the 
beginning of the modern biotechnology industry. Since then, transgenic plants, 

15 recombinant foods, recombinant vaccines, cancer therapeutics, recombinant 

antibodies, enzymes, glycosyltransf erases, cytokines, coagulation factors, hormones, 
dermal replacements, anti-virals, and many other recombinant proteins have been 
developed for human use. 

The nucleic acid expression vector has greatly aided in the production 

20 of recombinant proteins and therapeutics. A nucleic acid encoding a protein reagent 
or therapeutic protein can be cloned into an expression vector, which can be expressed 
in a population of eukaryotic and/or prokaryotic cells, thus producing a large amount 
of a recombinant protein or therapeutic. However, the yield and quality of the 
recombinant product depend greatly on the expression vector and microorganism used 

25 to express the vector. In addition, the use of recombinant cells can be slow and tax 
resources that can be otherwise used for discovery and improvement of recombinant 
proteins and therapeutics. 

As the demand and usefulness of recombinant proteins increases, new 
methods are required in order to more efficiently prepare such proteins with a rapid 

30 turnaround time. Moreover, as recombinant proteins for the treatment of a variety of 
diseases are generated, methods to lower the cost of their production need to be 
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implemented so that these technologies are available to all those in need. The need to 
provide improved vectors for protein expression does not exist solely in the 
therapeutic protein arena. Rather, this need also extends to the production of proteins 
or reagents(e.g., enzymes) for use in the production of both protein and non-protein 
5 therapeutics. 

Over the past several decades, recombinant proteins and therapeutics 
have proven to be the answer in treating many diseases that were not addressed using 
conventional, chemical therapeutics. However, recombinant technology has been 
hampered by inefficiency, especially in small scale situations, as well as high cost and 
10 slow turnaround time. Streamlining the expression of proteins at a lower cost with a 
quicker turnaround time for virtually any customer situation is needed to realize the 
potential of recombinant proteins as reagents and as therapeutics. The present 
invention meets this need. 

15 BRIEF SUMMARY OF THE INVENTION 

The invention includes a method of providing a therapeutic protein to a 
customer, comprising cloning a nucleic acid encoding a protein into a pCWinl 
expression vector as set forth in SEQ ID NO:l, expressing a protein therefrom, and 

20 providing the protein to a customer. 

In another aspect of the invention, a method of providing a therapeutic 
protein to a customer comprises cloning a nucleic acid encoding a protein into a 
pCWin2 expression vector as set forth in SEQ ID NO:2, expressing a protein 
therefrom, and providing the protein to a customer. 

25 In yet another aspect of the invention, a method of providing a 

therapeutic protein to a customer comprises cloning a nucleic acid encoding a protein 
into a pCWin2/MBP expression vector as set forth in SEQ ID NO: 3, expressing a 
protein therefrom, and providing the protein to a customer. In still another aspect, a 
method of providing a therapeutic protein to a customer comprises cloning a nucleic 

30 acid encoding a protein into a pCWin2-MBP~SBD (PMS39) expression vector as set 
forth in SEQ ID NO: 10, expressing a protein therefrom, and providing the protein to a 
customer. In yet another aspect of the invention, a method of providing a therapeutic 
protein to a customer comprises cloning a nucleic acid encoding a protein into a 
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pCWin2-MBP-MCS-SBD (pMXS 3 9) expression vector as set forth in SEQ ID NO: 11, 
expressing a protein therefrom, and providing the protein to a customer. 

In an embodiment of the invention, a pCWIN2/MBP vector comprises 
a protease cleavage site coding sequence between the MBP coding sequence and the 
5 therapeutic protein coding sequence. 

Therapeutic proteins useful in the present invention include 
erythropoietin, human growth hormone, granulocyte colony stimulating factor, 
interferons alpha, -beta, and -gamma, Factor IX, follicle stimulating hormone, 
interleukin-2, erythropoietin, anti-TNF-alpha, and lysosomal hydrolases such as beta- 
10 glucosidase, alpha-galactosidase-A, beta-hexosaminidase, beta-galactosidase, alpha- 
galactosidase, alpha-mannosidase, beta-mannosidase, alpha-L-fucosidase, beta- 
glucuronidase, alpha-glucosidase, alpha-N-acetylgalactosaminidase, and acid 
phosphatase. 

In one embodiment of the invention, a method of providing a protein to 
15 a customer includes cloning a nucleic acid encoding a protein into a pCWinl 

expression vector as set forth in SEQ ID NO:l, expressing a protein therefrom, and 

providing the protein to a customer. 

In another embodiment of the invention, a method of providing a 

protein to a customer includes cloning a nucleic acid encoding a protein into a 
20 pCWin2 expression vector as set forth in SEQ ID NO:2, expressing a protein 

therefrom, and providing the protein to a customer. 

In another embodiment of the invention, a method of providing a 

protein to a customer includes cloning a nucleic acid encoding a protein into a 

pCWin2/MBP expression vector as set forth in SEQ ID NO:3, expressing a protein 
25 therefrom, and providing the protein to a customer. In still another aspect, a method of 

providing a protein to a customer comprises cloning a nucleic acid encoding a protein 

into a pCWin2-MBP-SBD (pMS 39 ) expression vector as set forth in SEQ ID NO: 10, 

expressing a protein therefrom, and providing the protein to a customer. In yet 

another aspect of the invention, a method of providing a protein to a customer 
30 comprises cloning a nucleic acid encoding a protein into a pCWin2~MBP-MCS-SBD 

(PMXS39) expression vector as set forth in SEQ ID NO: 11, expressing a protein 

therefrom, and providing the protein to a customer. 

In one aspect of the invention, a protein may be a glycosyltransferase 

or a sugar nucleotide-generating enzyme. 

3 
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In an aspect of the invention, an expression vector includes an affinity 
tag coding sequence. In this aspect of the invention, an affinity tag may be a histidine 
tag, a Factor IX tag, a glutathione-S -transferase tag, starch-binding domain and a 
FLAG-tag. 

5 The invention includes a method of providing a therapeutic protein to a 

customer, where the method includes providing an expression vector to a protein 
production facility wherein a nucleic acid encoding a protein is cloned into the 
expression vector and the protein is expressed therefrom in the protein production 
facility; subsequently providing the protein to a customer. In an aspect of the 
10 invention, the expression vector comprises a multiple-cloning region and an antibiotic 
resistance marker. The antibiotic resistance marker may be kanamycin, tetracycline, 
or chloramphenicol. In another aspect of the invention, the expression vector includes 
an affinity tag. 

In an embodiment of the invention, a method of providing a protein to 

15 a customer includes providing a pCWinl vector as set forth in SEQ ID NO: 1 to a 
protein production facility, wherein a nucleic acid encoding a protein is cloned into 
the expression vector and the protein is expressed therefrom in the protein production 
facility, and the protein is provided to a customer. 

In an embodiment of the invention, a method of providing a protein to 

20 a customer includes providing a pCWin2 vector as set forth in SEQ ID NO:2 to a 
protein production facility, wherein a nucleic acid encoding a protein is cloned into 
the expression vector and the protein is expressed therefrom in the protein production 
facility, and the protein is provided to a customer. 

In an embodiment of the invention, a method of providing a protein to 

25 a customer includes providing a pCWin2/MBP vector as set forth in SEQ ID NO:3 to 
a protein production facility, wherein a nucleic acid encoding a protein is cloned into 
the expression vector and the protein is expressed therefrom in the protein production 
facility, and the protein is provided to a customer. In another embodiment of the 
invention, a method of providing a protein to a customer includes providing a 

30 pCWin2-MBP-SBD (pMS 39 ) vector as set forth in SEQ ID NO: 10 to a protein 
production facility, wherein a nucleic acid encoding a protein is cloned into the 
expression vector and the protein is expressed therefrom in the protein production 
facility, and the protein is provided to a customer. In still another embodiment of the 
invention, a method of providing a protein to a customer includes providing a 
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pCWin2-MBP-MCS-SBD (pMXS 3 9> vector as set forth in SEQ ID NO: 11 to a protein 
production facility, wherein a nucleic acid encoding a protein is cloned into the 
expression vector and the protein is expressed therefrom in the protein production 
facility, and the protein is provided to a customer. 
5 In one aspect of the invention, a protein production facility is in-house. 

In another aspect of the invention, the protein production facility is offsite. 

The invention also includes a method of providing a protein to a 
customer, wherein at least one glycosyl moiety is added to a protein prior to providing 
the protein to a customer. In one aspect, a glycosyl moiety is added to a protein in 
10 vitro. 

The present invention includes a method of providing a protein to a 
customer, comprising cloning a nucleic acid encoding said protein into a pCWinl 
expression vector as set forth in SEQ ID NO:l, inserting the vector into a bacterial 
host cell, expressing the protein in the host cell, and providing the protein to a 
15 customer. 

Another embodiment of the invention includes a method of providing a 
protein to a customer, comprising cloning a nucleic acid encoding said protein into a 
pCWin2 expression vector as set forth in SEQ ID NO:2, inserting the vector into a 
bacterial host cell, expressing the protein in the host cell, and providing the protein to 
20 a customer. 

Another embodiment of the invention includes a method of providing a 
protein to a customer, comprising cloning a nucleic acid encoding said protein into a 
pCWin2/MBP expression vector as set forth in SEQ ID NO:3, inserting the vector 
into a bacterial host cell, expressing the protein in the host cell, and providing the 

25 protein to a customer. Yet another embodiment of the invention includes a method of 
providing a protein to a customer, comprising cloning a nucleic acid encoding said 
protein into a pCWin2-MBP-SBD (pMS 39 ) expression vector as set forth in SEQ ID 
NO: 10, inserting the vector into a bacterial host cell, expressing the protein in the host 
cell, and providing the protein to a customer. Still another embodiment of the 

30 invention includes a method of providing a protein to a customer, comprising cloning 
a nucleic acid encoding said protein into a pCWin2-MBP-MCS-SBD (pMXS 39 ) 
expression vector as set forth in SEQ ID NO: 11, inserting the vector into a bacterial 
host cell, expressing the protein in the host cell, and providing the protein to a 
customer. 
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In one embodiment of the invention, a method includes adding at least 
one glycosyl moiety to a protein prior to providing the protein to a customer. In one 
aspect, a glycosyl moiety is added to a protein in vitro. 

The invention features isolated pcWINl expression vector comprising 
5 the sequence set forth in SEQ ID NO:l. The invention also features an isolated 
pcWINl expression vector consisting of the sequence set forth in SEQ ID NO:l. 

In another aspect, the invention features an expression vector 
comprising the sequence set forth in SEQ ID NO:2. The invention also features an 
isolated pcWIN2 expression vector consisting of the sequence set forth in SEQ ID 
10 NO:2. 

In yet another aspect, the invention features an isolated pcWIN2/MBP 
expression vector comprising the sequence set forth in SEQ ID NO:3. The invention 
also features an isolated pcWIN2/MBP expression vector consisting of the sequence 
set forth in SEQ ID NO:3. The invention further features a pcWIN2/MBP expression 

15 vector, wherein the pCWIN2/MBP vector comprises a protease cleavage site coding 
sequence adjacent to the MBP coding sequence. 

In another aspect, the invention features an isolated pCWin2-MBP- 
SBD (PMS39) expression vector comprising the sequence set forth in SEQ ID NO: 10. 
The invention also features an isolated pCWin2-MBP-SBD (PMS39) expression vector 

20 consisting of the sequence set forth in SEQ ID NO: 10. 

In still another aspect, the invention features an isolated pCWin2- 
MBP-MCS-SBD (pMXS 39 ) expression vector comprising the sequence set forth in 
SEQ ID NO:l 1. The invention also features an isolated pCWin2-MBP-MCS-SBD 
(PMXS39) expression vector consisting of the sequence set forth in SEQ ID NO: 11. 

25 The invention features a method of expressing a protein from an 

isolated pcWINl expression vector comprising the sequence set forth in SEQ ID 
NO:l. In another embodiment, the invention features a method of expressing a 
protein from an isolated pcWIN2 expression vector comprising the sequence set forth 
in SEQ ID NO:2. In yet another embodiment, the invention features a method of 

30 expressing a protein from an isolated pcWIN2/MBP expression vector comprising the 
sequence set forth in SEQ ID NO: 3. In still another embodiment, the invention 
features a method of expressing a protein from an isolated pCWin2-MBP-SBD 
(PMS39) expression vector comprising the sequence set forth in SEQ ID NO: 10. In 
another embodiment, the invention features a method of expressing a protein from an 

6 



WO 2005/067601 



PCT/US2005/000302 



isolated pCWin2-MBP-MCS-SBD (pMXS 3 <>) expression vector comprising the 
sequence set forth in SEQ ID NO: 11. In one aspect, the protein is expressed in a 
prokaryotic cell. 

5 BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing summary, as well as the following detailed description 
of the invention, will be better understood when read in conjunction with the 
appended drawings. For the purpose of illustrating the invention, there are shown in 
the drawings embodiment(s) which are presently preferred. It should be understood, 
10 however, that invention is not limited to the precise arrangements and 
instrumentalities shown. In the drawings: 

Figure 1 A is an image of an electrophoretic gel containing products of 
a restriction digest. Lanes 1 and 3 are BstEII DNA Marker, lane 2 is Sacl/Xbal- 
digested Cst-04 vector and lane 4 is Kan r PGR product digested with SacKXbaL 
15 Figure IB is an image of an agar plate showing the result of Cst-04- 

Kan r transformation plated on LB kan r plate. 

Figure 1C is an image of an electrophoretic gel containing DNA from 
an E. coli colony that screened positive for the Cst~04-Kan r insert. Lane 1 contains 
BstEII DNA Marker. Lanes 2-4 contain DNA isolated from the Cst-04-Kan5 colony. 
20 Lane 2 contains DNA cut with Ndel, lane 3 contains DNA cut with Sail, arid lane 4 
contains DNA cut with Pstl . 

Figure ID is an image of an ampicillin-containing agar plate and a 
kanamycin-containing agar plate, on both of which Cst-04-Kan5 was streaked. The 
ampicillin-containing plate inhibited the growth of Cst-04-Kan5-containing cells, 
25 demonstrating that the ampicillin gene in Cst-04-Kan5-containing cells is inactive, 
whereas the kanamycin-containing plate supports the growth of Cst-04-Kan5- 
containing cells, demonstrating that the kanamycin gene in Cst-04-Kan5 -containing 
cells is operative. 

Figure IE is an image of thin-layer chromatography of the products of 
30 the activity of Cst-04Kan5 plasmid-containing cell lysates using lacto-N-neotetraose 
as a substrate. Lanes labeled 1 and 2 are Cst-04Kan5 from JM109 cells, lanes labeled 
3 are Cst-04Kan5 isolated from TGI cells, and lanes labeled 4 are Cst-04-6-1. 

Figure 2A is an image of the agarose gel from which restriction 
enzyme-digested PGR products were isolated. Lanes marked "M" contain 1 kb DNA 
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markers, lane 1 contained pCWINl insert, lane 2 contained Ndel/Scal-digested 
pCWori Kan r Cst04Kan5 vector, lane 3 contained pre-pCWIN2 insert, and lane 4 
contained BamHI/EcoRI-digested pCWori Kan r Cst04Kan5 vector. 

Figure 2B is an image of an electrophoretic gel, illustrating the results 
5 of restriction digestion of plasmid DNA isolated from positive transformants as a 
result of pCWinl and pre-pCWin2 DNA mini-prep. Lanes labeled "M" contain 1 kb 
DNA markers. Lanes 1 to 5 contain pCWinl clones. Lanes 6 to 14 contains pre- 
pCWin2 clones. All 14 clones were digested with EcoRl. 

Figure 2C is an image of an electrophoretic gel, illustrating the results 
10 of restriction digestion of plasmid DNA isolated from positive transformants as a 

result of pCWinl and pre-pCWin2 DNA mini-prep. Lanes labeled "M" contain 1 kb 
DNA markers. Lane 1 contains pCWinl clone #5, lane 2 contains pre-pCWin2 clone 
#11. Both clones # 5 and #11 were digested with Ndel and Seal. 

Figure 2D is an image of an electrophoretic gel, illustrating the results 
15 of restriction pCWin2 mini-prep screening. Lanes labeled "M" contains 1 kb DNA 
markers. Lanes 1 through 18 contain pCWin2 clones. The clones were all digested 
with Pstl. 

Figure 3A is an image of an electrophoretic gel containing the 

NdelZBamHI-digested malE cDNA. 
20 Figure 3B is an image of an electrophoretic gel containing the 

restriction enzyme-digested pCWin2 vector. 

Figure 3C is an image of two electrophoretic gels containing the 

restrction enzyme-digested pCWin2 vector. This figure represents the screening of 

colonies to verify that the malE Ndel and BamHI insert size was correct. The first 
25 lane on each gel contains 1 kb DNA molecular weight markers, as indicated in the 

figure. Lanes 1, 2, 3, 4, 5, 7, 8, 9 and 10 correspond to colonies selected from the 

transformation plate and which positively show the presence of the malE cDNA. 

Lane 6 corresponds to a colony selected from the transformation plate bearing a 

vector that does not contain the malE insert. 
30 Figures 4A, 4B, and 4C comprise the entire nucleotide sequence of 

pcWINl, as set forth in SEQ ID NO:l. 

Figures 5 A, 5B, and 5C comprise the entire nucleotide sequence of 

pcWIN2, as set forth in SEQ ID NO:2. 
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Figures 6 A, 6B, 6C, and 6D comprise the entire nucleotide sequence of 
pcWIN2/MBP, as set forth in SEQ ID NO:3. 

Figure 7 A is an image of an electrophoretic gel illustrating the results 
of a restriction enzyme-digested PGR reaction used to create the SBD39 insert. Lane 
5 M is a lkb DNA marker. Lane 1 is the SBD39 PGR insert product digested with Bgl II 
and BamHl. The expected size for the SBD39 insert is 447bp. 

Figure 7B is an image of an electrophoretic gel illustrating the result of 
the restriction enzyme digestion of pCWin2-MBP-ST3Gal HI (A73) vector. Lane M is 
a lkb DNA marker. Lane 1 is pCWin2~MBP-ST3Gal HI (A73) digested with BamHl. 
10 The expected size for the vector is 7 kb. 

Figure 7C is an image of an electrophoretic gel illustrating the results 
of the DNA mini-prep enzymatic digestion screen of pCWin2-MBP-SBD-ST3Gal III 
(A73). Lanes M are a lkb DNA marker, lanes 1 through 11 are pCWin2MBP-SBD- 
ST3Gal HI A73 construct colonies 1 through 11 respectively, digested with Ndel and 
15 BamHL The expected size for the pCWin2-ST3Gal m A73 vector band is 5.9 kb and 
the expected size for the MBP-SBD insert is 1.6 kb. Clone #6 (Lane 6) illustrates a 
positive result. 

Figure 7D is an image of an electrophoretic gel illustrating the 
restriction enzyme digestion of pCWin2 vector with BamHl and Seal. Lane M is a 

20 lkb DNA marker. Lane 1 is digested pCWin2. The expected size for the vector is 4.3 
kb and the expected size for the BamH I /Sea I MCS insert is 0.8 kb. 

Figure 7E is an image of an electrophoretic gel illustrating the results 
of the restriction enzyme digestion of pCWin-MBP-SBD 39 -ST3Gal HI (A73). Lane M 
is a lkb DNA marker. Lane 1 is pCWin-MBP-SBD 39 -ST3Gal HI (A73) digested with 

25 BamH I and Sea I. The expected size for the vector is Linear is pCWin-MBP-SBD39 
is 5.8 kb and the expected size for the BamH I /Sea I STSGal in (A73) insert is 1.6 
kb. 

Figure 7F is an image of an electrophoretic gel illustrating the results 
of the DNA mini-prep restriction enzyme digestion screen of pCWin2-MBP-SBD 39 
30 clones. Lanes M is a lkb DNA marker, lanes 1 through 16 are pCWin2-MBP-SBD 39 
construct colonies 1 through 16 respectively, digested with Nde I and Xba I. The 
expected size for the pCWin2 vector band is 5.0 kb and the expected size for the 
MBP-SBD insert is 1.65 kb. Clone #1 (Lane 1 ) illustrates a positive result. 
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Figure 7G is a nucleic acid vector feature map, illustrating restriction 
sites for the pCWin-MBP-SBD 39 (pMS 39 ) construct. 

Figure 8 A is an electrophoretic gel illustrating the results of the PGR 
reaction to prepare the SBD insert. Lane M is X BstE II DNA marker, lane 1 is SBD 
5 PCR insert product. The expected size for the SBD insert is 447bp. 

Figure 8B is an image of an electrophoretic gel illustrating the results 
of DNA isloated from PCR-Blunt-SBD colonies and subjected to restriction enzyme 
digestion. Lane Mis aX, BstE II DNA marker, lanes 1 through 8 are PCR-Blunt-SBD 
colonies 13, 14, 15, 17, 18, 19, 20, and 22 respectively, all digested with Xhol and 
10 Sail. The expected size for the PCR-Blunt vector band is 3kb and the expected size 
for the SBD insert is 447bp. 

Figure 8C is an image of an electrophoretic gel illustrating the results 
of the restriction enzyme-digested pCWin2-MBP kan r vector. Lane M is a Ikb DNA 
ladder, lane 1 is pCWin2-MBP kan r Vector digested with Xhol and Sal I. The 
15 expected size for the pCWin2-MBP kan r vector band is 3kb. 

Figure 8D is an image of an electrophoretic gel illustrating the results 
of DNA isolated from pCWin2-MBP-MCS-SBD (pMXS 39 ) vector-containing 
colonies. Lane Mis a A, BstE II DNA marker, lanes 1 through 13 are pMXS39 
colonies 1 through 13 respectively, digested with Xhol and Sail. The expected size 
20 for the pCWin2-MBP vector band is 6. Ikb and the expected size for the SBD insert is 
447bp. Two out of thirteen colonies had the correct size of insert and pMXS 39 vector 
(see lanes 4 and 5 in Figure 8D). 

Figure 8E is a nucleic acid vector feature map, illustrating restriction 
sites for the pCWin-MBP-MCS-SBD 39 (pMXS 39 ) construct. 

25 

DETAILED DESCRIPTION OF THE INVENTION 
The use of therapeutic proteins to treat patients experiencing disease or 
illness increases yearly. Protein therapeutics typically lack the same problematic side 
effects found with certain traditional chemical therapeutics. Even in instances where 
30 the protein therapeutic is altered slightly from its natural state, such a protein typically 
does not have the same side effects as do certain chemical therapeutics. Similar to the 
increase in the use of therapeutic proteins, the use of non-therapeutic, or "reagent" 
proteins increases exponentially from year to year. For example, reagent proteins are 
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used in such areas as food biochemistry, bioremediation, production of small 
molecule therapeutics, and even in the production of therapeutic proteins. 

The increasing use of protein reagents and therapeutics has enhanced 
the need for production and preparation of such proteins. It is generally impractical, 
5 in terms of cost and time, to isolate and purify a protein therapeutic from its natural 
source. The cost of isolating proteins from natural sources is prohibitive, and the 
amount of time needed for such isolation techniques is lengthy. For example, a 
difficult and time-consuming process for isolating a therapeutic protein from a natural 
source will drive up the cost of that reagent or therapeutic, which in the latter 

10 instance, may unduly burden a medical patient, the patient's insurer, or both. Further, 
a burdensome isolation process can limit the amount of therapeutic protein available 
to those in need thereof. Finally, a difficult isolation process can also overburden the 
entity that produces the reagent or therapeutic protein, reducing profits and wasting 
valuable business time. 

15 In vitro systems have therefore been developed to produce 

recombinant forms of reagent proteins and therapeutic proteins. One of the most 
significant groups of organisms used as an in vitro system for production of 
recombinant therapeutic proteins is bacteria, and in particular, Escherichia coli. E. 
coli is often used for its simplicity, as it is easy to culture and to maintain, and more 

20 importantly, it is easy to manipulate genetically. Further, it is relatively simple to 
isolate protein expressed from E. coli. 

There are numerous expression vectors that are compatible with 
bacteria, and in particular, with E. coli, for the purpose of producing recombinant 
therapeutic proteins. However, many vectors are useful only under particular 

25 circumstances, and therefore have drawbacks with respect to their utility for selected 
protein expression under the specific circumstances that may be required. The present 
invention sets forth methods of providing a protein to a customer that overcome some 
of the difficulties associated with commercial protein production. 

The present invention therefore features a method of providing a 

30 protein to a customer, wherein the protein of interest is expressed in a vector 
containing a nucleic acid encoding the protein of interest, as well as a multiple 
cloning site and an antibiotic resistance marker, and further wherein the resulting 
protein is provided to a customer. Part of the advantage of the present invention is 
that the expression vectors of the present invention reduce the complexity of 
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subcloning the cDNA encoding a therapeutic protein. Further, the expression vector 
of the present invention enables the production of proteins using an antibiotic 
resistance marker other than-the ampicillin antibiotic resistance marker, which is not 
approved for Good Manufacturing Practice (GMP) protocols required by the Food 
5 and Drug Administration. 

Part of the advantage of the present invention is due to the flexibility of 
the expression vector used to express the protein. The flexibility of a vector of the 
present invention provides that a protein can be produced rapidly and efficiently. A 
cDNA encoding a protein of interest can be readily subcloned into the expression 

10 vector by way of a multiple cloning site. Therefore, a method of the present invention 
features the use of an expression vector as described above to provide a protein to a 
customer in a more efficient manner. 

Another advantage of the present invention is that expression vectors 
of the invention offer increased productivity and efficiency of protein expression. 

15 That is, the design and use of vectors of the present invention provide increased levels 
of protein expression and production, leading to increased efficiencies in protein 
expression over similar vectors known in the art. Such advantages increase the 
quantity of protein produced, and therefore also serve to lower the cost of protein 
production and increase profit through sales of protein. 

20 The flexibility and functionality of a vector of the present invention 

increases the ease, efficiency and reliability of the delivery of a protein to a customer. 
The use of a method of the present invention to streamline and enhance protein 
product delivery to a customer not only increases the production and profitability of a 
business entity using such methods, but it also has the effect of increasing the 

25 opportunity for medical patients in need thereof with a therapeutic protein. 

The present invention also features vectors for expression of reagent 
proteins, and methods of providing reagent proteins produced using such vectors to a 
customer. Vectors of the invention useful for the expression of reagent proteins may 
be the same vectors used to produce therapeutic proteins in methods of the invention. 

30 Additionally, vectors of the invention useful for the expression of reagent proteins 

may be different vectors than those used to produce therapeutic proteins in methods of 
the invention. 

Vectors of the invention designed for production of reagent proteins 
are further useful for production of proteins that are themselves useful in the 
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subsequent production of small chemical therapeutics and for remodeling of non- 
protein molecules, such as carbohydrates. Examples of such proteins include 
glycosyltransferases, glycosidases and enzymes used in the production of sugar 
nucleotides. Further, such proteins are useful to produce and remodel carbohydrate- 
5 containing glycoproteins. The production and remodeling of glycoproteins has 

significant therapeutic impact, as glycoproteins form the basis of a significant number 
of recombinant therapeutics. 

Definitions 

10 Unless defined otherwise, all technical and scientific terms used herein 

have the same meaning as commonly understood by one of ordinary skill in the art to 
which this invention belongs. Although any methods and materials similar or 
equivalent to those described herein can be used in the practice or testing of the 
present invention, the preferred methods and materials are described herein. 

15 As used herein, each of the following terms has the meaning associated 

with it in this section. 

The articles "a" and "an" are used herein to refer to one or to more than 
one (i.e. to at least one) of the grammatical object of the article. By way of example, 
"an element" means one element or more than one element. 

20 "Encoding" refers to the inherent property of specific sequences of 

nucleotides in a polynucleotide, such as a gene, a cDNA, or an mRNA, to serve as 
templates for synthesis of other polymers and macromolecules in biological processes 
having either a defined sequence of nucleotides (i.e., rRNA, tRNA and mRNA) or a 
defined sequence of amino acids and the biological properties resulting therefrom. 

25 Thus, a gene encodes a protein if transcription and translation of mRNA 

corresponding to that gene produces the protein in a cell or other biological system. 
Both the coding strand, the nucleotide sequence of which is identical to the mRNA 
sequence and is usually provided in sequence listings, and the non-coding strand, used 
as the template for transcription of a gene or cDNA, can be referred to as encoding the 

30 protein or other product of that gene or cDNA. 

A "coding region" of a gene consists of the nucleotide residues of the 
coding strand of the gene and the nucleotides of the non-coding strand of the gene 
which are homologous with or complementary to, respectively, the coding region of 
an mRNA molecule which is produced by transcription of the gene. 

13 
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A "coding region" of an mRNA molecule also consists of the 
nucleotide residues of the mRNA molecule which are matched with an anticodon 
region of a transfer RNA molecule during translation of the mRNA molecule or 
which encode a stop codon. The coding region may thus include nucleotide residues 
5 corresponding to amino acid residues which are not present in the mature protein 
encoded by the mRNA molecule (e.g., amino acid residues in a protein export signal 
sequence). 

An "affinity tag" is a peptide or polypeptide that may be genetically or 
chemically fused to a second polypeptide for the purposes of purification, isolation, 
10 targeting, trafficking, or identification of the second polypeptide. The "genetic" 

attachment of an affinity tag to a second protein may be effected by cloning a nucleic 
acid encoding the affinity tag adjacent to a nucleic acid encoding a second protein in a 
nucleic acid vector. 

As used herein, the term "glycosyltransferase," refers to any 
15 enzyme/protein that has the ability to transfer a donor sugar to an acceptor moiety. 

A "sugar nucleotide-generating enzyme" is an enzyme that has the 
ability to produce a sugar nucleotide. Sugar nucleotides are known in the art, and 
include, but are not limited to, such moieties as UDP-Gal, UDP-GlcNAc, and CMP- 
NAN. 

20 An "isolated nucleic acid" refers to a nucleic acid segment or fragment 

which has been separated from sequences which flank it in a naturally occurring state, 
e.g., a DNA fragment which has been removed from the sequences which are 
normally adjacent to the fragment, e.g., the sequences adjacent to the fragment in a 
genome in which it naturally occurs. The term also applies to nucleic acids which 

25 have been substantially purified from other components which naturally accompany 
the nucleic acid, e.g., RNA or DNA or proteins, which naturally accompany it in the 
cell. The term therefore includes, for example, a recombinant DNA which is 
incorporated into a vector, into an autonomously replicating plasmid or virus, or into 
the genomic DNA of a prokaryote or eukaryote, or which exists as a separate 

30 molecule (e.g, as a cDNA or a genomic or cDNA fragment produced by PCR or 
restriction enzyme digestion) independent of other sequences. It also includes a 
recombinant DNA which is part of a hybrid gene encoding additional polypeptide 
sequence. 
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In the context of the present invention, the following abbreviations for 
the commonly occurring nucleic acid bases are used. M A" refers to adenosine, "C" 
refers to cytidine, "G" refers to guanosine, "T" refers to thymidine, and "U" refers to 
uridine. 

5 A "polynucleotide" means a single strand or parallel and anti-parallel 

strands of a nucleic acid. Thus, a polynucleotide may be either a single-stranded or a 
double-stranded nucleic acid. 

The term "nucleic acid" typically refers to large polynucleotides. 
The term "oligonucleotide" typically refers to short polynucleotides, 

10 generally no greater than about 50 nucleotides. It will be understood that when a 
nucleotide sequence is represented by a DNA sequence (i.e., A, T, G, C), this also 
includes an RNA sequence (i.e., A, U, G, C) in which "U" replaces "T." 

Conventional notation is used herein to describe polynucleotide 
sequences: the left-hand end of a single-stranded polynucleotide sequence is the 5' 

15 end; the left-hand direction of a double-stranded polynucleotide sequence is referred 
to as the 5 '-direction. 

A first defined nucleic acid sequence is said to be "immediately 
adjacent to" a second defined nucleic acid sequence when, for example, the last 
nucleotide of the first nucleic acid sequence is chemically bonded to the first 

20 nucleotide of the second nucleic acid sequence through a phosphodiester bond. 
Conversely, a first defined nucleic acid sequence is also said to be "immediately 
adjacent to" a second defined nucleic acid sequence when, for example, the first 
nucleotide of the first nucleic acid sequence is chemically bonded to the last 
nucleotide of the second nucleic acid sequence through a phosphodiester bond. 

25 A first defined polypeptide sequence is said to be "immediately 

adjacent to" a second defined polypeptide sequence when, for example, the last amino 
acid of the first polypeptide sequence is chemically bonded to the first amino acid of 
the second polypeptide sequence through a peptide bond. Conversely, a first defined 
polypeptide sequence is said to be "immediately adjacent to" a second defined 

30 polypeptide sequence when, for example, the first amino acid of the first polypeptide 
sequence is chemically bonded to the last amino acid of the second polypeptide 
sequence through a peptide bond. 

The direction of 5 1 to 3' addition of nucleotides to nascent RNA 
transcripts is referred to as the transcription direction. The DNA strand having the 

15 
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same sequence as an mRNA is referred to as the "coding strand"; sequences on the 
DNA strand which are located 5' to a reference point on the DNA are referred to as 
"upstream sequences"; sequences on the DNA strand which are 3' to a reference point 
on the DNA are referred to as "downstream sequences." 
5 Unless otherwise specified, a "nucleotide sequence encoding an amino 

acid sequence" includes all nucleotide sequences that are degenerate versions of each 
other and that encode the same amino acid sequence. Nucleotide sequences that 
encode proteins and RNA may include introns. 

"Homologous" as used herein, refers to nucleotide sequence similarity 

10 between two regions of the same nucleic acid strand or between regions of two 

different nucleic acid strands. When a nucleotide residue position in both regions is 
occupied by the same nucleotide residue, then the regions are homologous at that 
position. A first region is homologous to a second region if at least one nucleotide 
residue position of each region is occupied by the same residue. Homology between 

15 two regions is expressed in terms of the proportion of nucleotide residue positions of 
the two regions that are occupied by the same nucleotide residue. By way of 
example, a region having the nucleotide sequence 5 -ATTGCC-3' and a region having 
the nucleotide sequence 5-TATGGC-3' share 50% homology. Preferably, the first 
region comprises a first portion and the second region comprises a second portion, 

20 whereby, at least about 50%, and preferably at least about 75%, at least about 90%, or 
at least about 95% of the nucleotide residue positionss of each of the portions are 
occupied by the same nucleotide residue. More preferably, all nucleotide residue 
positions of each of the portions are occupied by the same nucleotide residue. 

As used herein, "homology" is used synonymously with "identity." 

25 The determination of percent identity between two nucleotide or amino acid 

sequences can be accomplished using a mathematical algorithm. For example, a 
mathematical algorithm useful for comparing two sequences is the algorithm of 
Karlin and Altschul (1990, Proc. Natl. Acad. Sci. USA 87:2264-2268), modified as in 
Karlin and Altschul (1993, Proc. Natl. Acad. Sci. USA 90:5873-5877). This 

30 algorithm is incorporated into the NBLAST and XBLAST programs of Altschul et al. 
(1990, J. Mol. Biol. 215:403-410), and can be accessed, for example, at the BLAST 
site of the National Center for Biotechnology Information (NCBI) world wide web 
site at the National Library of Medicine (NLM) at the National Institutes of Health 
(NIH). BLAST nucleotide searches can be performed with the NBLAST program 
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(designated "blastn" at the NCBI web site), using the following parameters: gap 
penalty = 5; gap extension penalty = 2; mismatch penalty = 3; match reward = 1; 
expectation value 10.0; and word size = 11 to obtain nucleotide sequences 
homologous to a nucleic acid described herein. BLAST protein searches can be 
5 performed with the XBLAST program (designated "blastn" at the NCBI web site) or 
the NCBI "blastp" program, using the following parameters: expectation value 10.0, 
BLOSUM62 scoring matrix to obtain amino acid sequences homologous to a protein 
molecule described herein. 

To obtain gapped alignments for comparison purposes, Gapped 

10 BLAST can be utilized as described in Altschul et al. (1997, Nucleic Acids Res. 
25:3389-3402). Alternatively, PSI-Blast or PHI-Blast can be used to perform an 
iterated search which detects distant relationships between molecules {id.) and 
relationships between molecules which share a common pattern. When utilizing 
BLAST, Gapped BLAST, PSI-Blast, and PHI-Blast programs, the default parameters 

15 of the respective programs {e.g., XBLAST and NBLAST) can be used as available on 
the website of the National Center for Biotechnology Information of the National 
Library of Medicine at the National Institutes of Health. 

The percent identity between two sequences can be determined using 
techniques similar to those described above, with or without allowing gaps. In 

20 calculating percent identity, typically exact matches are counted. 

"Polypeptide" refers to a polymer composed of amino acid residues, 
related naturally occurring structural variants, and synthetic non-naturally occurring 
analogs thereof linked via peptide bonds, related naturally occurring structural 
variants, and synthetic non-naturally occurring analogs thereof. Synthetic 

25 polypeptides can be synthesized, for example, using an automated polypeptide 
synthesizer. 

As used herein, amino acids are represented by the full name thereof, 
by the three letter code corresponding thereto, or by the one-letter code corresponding 
thereto, as indicated in the following table: 
30 Full Name Three-Letter Code One-Letter Code 

Aspartic Acid Asp D 

Glutamic Acid Glu E 

Lysine Lys K 

Arginine Arg R 
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Histidine 


His 


H 


Tyrosine 


Tyr 


Y 


Cysteine 


Cys 


C 


Asparagine 

ST C 


Asn 


N 


Glutamine 


Gin 


Q 


Serine 


Ser 


s 


Threonine 


Thr 


T 


Glycine 


Gly 


G 


Alanine 


Ala 


A 


Valine 


Val 


V 


Leucine 


Leu 


L 


Isoleucine 


lie 


I 


Methionine 


Met 


M 


Proline 


Pro 


P 


Phenylalanine 


Phe 


F 


Tryptophan 


Trp 


W 



The term "protein" typically refers to large polypeptides. 

The term "peptide" typically refers to short polypeptides. 
20 Conventional notation is used herein to portray polypeptide sequences: 

the left-hand end of a polypeptide sequence is the amino-terminus; the right-hand end 
of a polypeptide sequence is the carboxyl-terminus. 

A "therapeutic protein" as the term is used herein refers to any protein 
that is useful to treat a disease state or to improve the overall health of a living 
25 organism. A therapeutic protein may effect such changes in a living organism when 
administered alone, or when used to improve the therapeutic capacity of another 
substance. 

A "reagent protein" as the term is used herein refers to any protein that 
is useful in food biochemistry, bioremediation, production of small molecule 
30 therapeutics, and even in the production of therapeutic proteins. Typically, reagent 
proteins are enzymes capable of catalyzing a reaction to produce a product useful in 
any of the aforementioned areas. 

A "vector" is a composition of matter which comprises an isolated 
nucleic acid and which can be used to deliver the isolated nucleic acid to the interior 
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of a cell. Numerous vectors are known in the art including, but not limited to, linear 
polynucleotides, polynucleotides associated with ionic or amphophilic compounds, 
plasmids, and viruses. Thus, the term "vector" includes an autonomously replicating 
plasmid or a virus. The term should also be construed to include non-plasmid and 
5 non-viral compounds which facilitate transfer of nucleic acid into cells, such as, for 
example, polylysine compounds, liposomes, and the like. Examples of viral vectors 
include, but are not limited to, adenoviral vectors, adeno-associated virus vectors, 
retroviral vectors, and the like. 

"Expression vector" refers to a vector comprising a recombinant 
10 polynucleotide comprising expression control sequences operatively linked to a 

nucleotide sequence to be expressed. An expression vector comprises sufficient cis- 
acting elements for expression; other elements for expression can be supplied by the 
host cell or in an in vitro expression system. Expression vectors include all those 
known in the art, such as cosmids, plasmids (e.g., naked or contained in liposomes) 
15 and viruses that incorporate the recombinant polynucleotide. 

A "multiple cloning site" as the term is used herein is a region of a 
nucleic acid vector that contains more than one sequence of nucleotides that is 
recognized by at least one restriction enzyme. 

An "antibiotic resistance marker" as the term is used herein refers to a 
20 sequence of nucleotides that encodes a protein which, when expressed in a living cell, 
confers to that cell the ability to live and grow in the presence of an antibiotic. 

The term "saccharide" refers in general to any carbohydrate, a 
chemical entity with the most basic structure of (CH^COn. Saccharides vary in 
complexity, and may also include nucleic acid, amino acid, or virtually any other 
25 chemical moiety existing in biological systems. 

"Monosaccharide" refers to a single unit of carbohydrate of a defined 

identity. 

"Oligosaccharide" refers to a molecule consisting of several units of 
carbohydrates of defined identity. Typically, saccharide sequences between 2-20 
30 units may be referred to as oligosaccharides. 

"Polysaccharide" refers to a molecule consisting of many units of 
carbohydrates of defined identity. However, any saccharide of two or more units may 
correctly be considered a polysaccharide. 
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A "party" as the term is used herein refers to an individual or an entity 
involved in a transaction related to a method, a vector, or a protein of the present 
invention. For example, an individual who provides a vector to a business entity is 
considered to be a "party" in the context of the present invention. Further, the 
5 business entity is also considered to be a "party" in the context of the present 
invention. 

A "recipient" as the term is used herein refers to a specific party who 
receives a vector or a protein of the present invention. For example, if an individual 
gives a business entity a vector of the invention, the business entity is considered to be 

10 a "recipient" in the context of the present invention. By way of another example, an 
individual within an organization may provide a second individual within the same 
organization with a vector or a protein of the present invention. The second 
individual, who is in receipt of a vector or a protein of the invention, is considered to 
be a "recipient" in terms of the present invention. It should be noted that a recipient 

15 may be a customer, but that not all customers are recipients. 

A "customer," as the term is used herein, refers to an intended recipient 
of a specific item in a formal transaction. A customer is also a recipient, but is 
distinct from a recipient in that a customer is recipient who is an endpoint for a 
transaction, whereas a recipient may be an intermediate in a larger transaction. For 

20 example, customers of the present invention include, but are not limited to, an entity 
responsible for the creation of an expression vector that contains the cDNA encoding 
a protein of interest, if that entity will use the protein produced. A customer is also an 
entity responsible for expression of a protein from a vector that contains the cDNA 
encoding a protein of interest, if that entity will use the protein produced. A customer 

25 also may be an entity that purchases a protein expressed from a vector of the present 
invention, for the purpose of using the protein. Further, the entity that creates an 
expression vector of the present invention may be a customer if that entity uses the 
protein produced by the vector. 

A "protein production facility" as the term is used herein is any 

30 location that has the ability to express a protein encoded within a nucleic acid vector. 

As the term is used herein, "in-house" refers to dealings within a single 
organization. In this context, an organization may be a single company, two or more 
jointly cooperating laboratories, or a corporation and its subsidiaries, collectively. 
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"Offsite," as the term is used herein, refers to dealings that extend 
beyond the "in-house" context. discussed above. For example, the transfer of a vector 
of the invention from a first organization to a second organization is a transfer of that 
vector "offsite." 

5 

I. Vectors 

The present invention includes an isolated nucleic acid encoding a 
protein operably linked to a nucleic acid comprising a promoter/regulatory sequence 

10 such that the nucleic acid is capable of directing expression of the protein encoded by 
the nucleic acid. Thus, the invention encompasses expression vectors and methods 
for the expression of proteins based on exogenous DNA introduced into cells with 
concomitant expression of the exogenous DNA in the cells such as those described, 
for example, in Sambrook et al. (1989, supra), and Ausubel et aL (1997, supra). 

15 An expression vector of the present invention is based on the pcWori+ 

vector (Muchmore et al., 1987, Meth. Enzymol. 177:44-73). However, the pcWori+ 
vector by itself is not adequate for the production of protein reagents and therapeutic 
proteins according to the present invention. The pcWori+ vector contains an 
ampicillin resistance marker. Certain regulatory agencies require that the production 

20 of proteins for therapeutic use cannot be carried out using recombinant vectors 

containing ampicillin resistance genes. Therefore, an expression vector of the present 
invention features an antibiotic resistance marker approved by the U.S. Food and 
Drug Administration (FDA) for use in the production of protein reagents and 
therapeutic proteins. Such antibiotic resistance markers include, but are not limited 

25 to, kanamycin, tetracycline, and chloramphenicol. 

In the invention, the ampicillin resistance marker normally present in 
the pcWori+ vector is disabled as follows. Briefly, the ampicillin resistance marker in 
the pcWori+ vector is disrupted in order to produce, in part, a vector of the present 
invention. PGR primers designed to create Pvul and Seal restriction enzyme 

30 cleavage sites on either end of a kanamycin resistance gene are used, and the resultant 
PCR product is digested with Pvul and Seal restriction enzymes. The ampicillin 
resistance gene in a pcWori+ vector is also cut with Pvul and Seal restriction 
enzymes. Subsequently, the kanamycin resistance gene is ligated into the pcWori+ 
vector that was cleaved within the ampicillin resistance gene. 

21 
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Verification of successful disruption of the ampicillin resistance gene 
and successful insertion of the kanamycin resistance gene is observed by transforming 
E. coli cells, for example, with the ligation mixture. Growth of the transformed cells 
on kanamycin-containing agar plates confirms the successful insertion of the 
5 kanamycin resistance marker, while lack of growth on ampicillin containing plates 
confirms the successful disruption of the ampicillin resistance gene. Other methods 
of disruption or deletion of the ampicillin resistance gene will be known to one of 
skill in the art. Similarly, other methods of inserting the kanamycin resistance gene, 
or any other antibiotic resistance gene useful in the present invention, and methods of 
10 confirming the insertion and/or deletion of genes will also be known to one of skill in 
the art. 

Another feature of a vector of the present invention is a versatile and 
highly-functional multiple cloning site. As described in, for example, in Sambrook et 
al. (1989, supra), a "multiple cloning site" is a nucleic acid having a sequence 

15 encoding more than one restriction enzyme recognition site. The practical purpose of 
a multiple cloning site is to allow the ligation (i.e., "insertion") of an exogenous 
polynucleotide into the multiple cloning site, wherein the exogenous polynucleotide 
may have different restriction enzyme recognition sequences at its 5' and 3' ends. 
That is, the multiple cloning site allows flexibility with respect to the identity of the 5' 

20 and 3' ends on an exogenous polynucleotide, thus facilitating the cloning of such a 
polynucleotide into the multiple cloning site. 

A multiple cloning site is most often found, and is most useful, in a 
nucleic acid vector such as a vector of the present invention. As will be known to the 
skilled artisan, a multiple cloning site may be located adjacent to other functional 

25 elements in a vector, such as a promoter. A multiple cloning site may also be 

designed such that insertion of an exogenous polynucleotide into the multiple cloning 
site results in the exogenous polynucleotide being expressed in frame with the 
adjacent elements to create a fusion protein of the protein encoded by the exogenous 
polynucleotide and the protein encoded by the adjacent element. 

30 Accordingly, a vector of the present invention contains at least one 

multiple cloning site. The creation of a functional multiple cloning site in a vector of 
the present invention is described in greater detail elsewhere herein. Briefly, a 
multiple cloning site may be designed and synthesized de novo, or it may be isolated 
from another pre-existing vector. PCR methods are used to create multiple cloning 
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site polynucleotides having specific restriction enzyme recognition sites on either end 
(5' and 3') of the multiple cloning site polynucleotide. A multiple cloning site 
polynucleotide is then inserted into a pcWorin- vector of the present invention by 
means of specific restriction enzyme recognition sites corresponding to those on 
5 either end of the multiple cloning site polynucleotide. As will be understood by one 
skilled in the art, various molecular biological techniques are available to insert, 
delete, and/or modify a multiple cloning site in a vector of the present invention in 
order to create a more functional and flexible multiple cloning site useful in 
connection with the present invention. 

10 Another feature of a vector of the present invention is the option of an 

affinity tag coding sequence located in the multiple cloning site. An affinity tag 
coding sequence may be inserted into the multiple cloning site adjacent to, upstream 
from, or downstream from a target protein coding sequence. As will be understood by 
one of skill in the art, an affinity tag will typically be inserted into the multiple 

15 cloning site in frame with the target protein. One of skill in the art will also 

understand that an affinity tag coding sequence can be used to produce a recombinant 
fusion protein by concomitantly expressing the affinity tag and target protein. The 
expressed fusion protein can then be isolated, purified, or identified by means of the 
affinity tag. An affinity tag is especially important when expressing proteins that are 

20 reagents and less important when expressing therapeutic proteins due to restrictions 
imposed by regulatory agencies. 

Affinity tags useful in the present invention include, but are not limited 
to, a maltose binding protein, a histidine tag, a Factor IX tag, a glutathione-S- 
transferase tag, a ELAG-tag, and a starch binding domain tag. Other tags are well 

25 known in the art, and the use of such tags in the present invention would be readily 
understood by the skilled artisan. 

Any single vector of the present invention may have more than one 
feature described herein. By way of a non-limiting example, a vector of the present 
invention may have a disrupted ampicillin resistance gene, a functional kanamycin 

30 resistance gene, and a modified, multi-functional multiple cloning site. An example 
of one such vector of the present invention is pCWinl, the sequence of which is set 
forth in SEQ ID NO: 1. A pCWinl vector of the present invention has, for example, 
two BamHI restriction enzyme recognition sites, one of which is located within the 
multiple cloning site. Another example of a vector of the present invention is 
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pCWin2, the sequence of which is set forth in SEQ ID NO:2. A pCWin2 vector of 
the present invention has, for example, only one BamHI restriction enzyme 
recognition site which is located within the multiple cloning site. 

A further example of a vector of the present invention is pCWin2- 
5 MBP, the sequence of which is set forth in SEQ ID NO:3. A pCWin2-MBP vector of 
the invention has, for example, one BamHI restriction enzyme recognition site located 
within the multiple cloning site and additionally has an E. coli malE maltose binding 
protein coding sequence inserted into the multiple cloning site in between the Ndel 
and BamHI restriction enzyme recognition sites. The Ndel sequence in the multiple 

10 cloning site contains an ATG start codon. The pCWin2-MBP vector is therefore 

useful, for example, for expression of a fusion protein comprised of a maltose binding 
protein and a desired protein. This is achieved by inserting a polynucleotide encoding 
the desired protein into the multiple cloning site in frame with the maltose binding 
protein and expressing the entire open reading frame encoded in the multiple cloning 

15 site. 

Yet another example of a vector of the present invention is pCWin2- 
MBP-SBD39 (pMS 39 ), the sequence of which is set forth in SEQ ID NO: 10. A 
pCWin2-MBP-SBD 39 (pMS 39 ) vector of the invention has, for example, one BamHI 
restriction enzyme recognition site located within the multiple cloning site, and one 

20 EcoRI restriction enzyme recognition site located within the multiple cloning site, and 
additionally has an E. coli malE maltose binding protein coding sequence inserted 
into the multiple cloning site in between the Ndel and SacI restriction enzyme 
recognition sites. The pCWin2~MBP-SBD39 (pMS 3 9) vector also has a starch-binding 
domain (SBD) inserted between the EcoRI and BamHI restriction sites. The Ndel 

25 sequence in the multiple cloning site contains an ATG start codon. The pCWin2- 
MBP-SBD39 (PMS39) vector is therefore useful, for example, for expression of a 
fusion protein comprised of a maltose binding protein, a starch binding domain, and a 
desired protein. This is achieved by inserting a polynucleotide encoding the desired 
protein into the multiple cloning site in frame with the maltose binding protein and 

30 starch binding domain, and expressing the entire open reading frame encoded in the 
multiple cloning site. 

Still another example of a vector of the present invention is pCWin2- 
MBP-MCS -SBD39 (pMXS 39 ), the sequence of which is set forth in SEQ ID NO: 11. 
As compared to, the pMXS 3 9 vector expresses, in one aspect of the invention, a fusion 
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protein with the structure "MBP — desired protein — SBD," whereas the pMS 39 vector 
expresses, in another aspect of the invention, a "MBP — SBD — desired protein" fusion 
protein. Accordingly, a pCWin2-MBP-SBD 39 (pMXS 39 ) vector of the invention has, 
for example, one Xhol restriction enzyme recognition site located within the multiple 
5 cloning site, and one Sail restriction enzyme recognition site located within the 
multiple cloning site, and additionally has an E. coli malE maltose binding protein 
coding sequence inserted into the multiple cloning site in between the Ndel and SacI 
restriction enzyme recognition sites. The pCWin2-MBP-SBD 3 9 (pMXS 39 ) vector also 
has a starch-binding domain (SBD) inserted between the Xhol and Sail restriction 

10 sites. The Ndel sequence in the multiple cloning site contains an ATG start codon. 
The pCWin2-MBP-SBD 39 (pMXS 39 ) vector is therefore useful, for example, for 
expression of a fusion protein comprised of a maltose binding protein, a starch 
binding domain, and a desired protein. This is achieved by inserting a polynucleotide 
encoding the desired protein into the multiple cloning site in frame with the maltose 

15 binding protein and starch binding domain, and expressing the entire open reading 
frame encoded in the multiple cloning site. 

A vector of the present invention, as described above, is useful for the 
production of a therapeutic protein. A polynucleotide sequence encoding a 
therapeutic protein may be inserted into the multiple cloning site using any technique 

20 known to the skilled artisan. For example, a polynucleotide sequence encoding a 

therapeutic protein may be modified to contain specific restriction enzyme recognition 
sites at the 5' and 3' ends of the polynucleotide. Such restriction enzyme recognition 
sites will correspond to recognition sites located within the multiple cloning site of a 
vector of the present invention, facilitating the insertion (by ligation) of the 

25 therapeutic protein-encoding sequence into the multiple cloning site, and when 
expressed, producing a therapeutic protein. 

Therapeutic proteins useful in the present invention are numerous and 
are well-known in the art, and are therefore not listed here. By way of a non-limiting 
example, such therapeutic proteins include erythropoietin, human growth hormone, 

30 granulocyte colony stimulating factor, interferons alpha, -beta, and -gamma, Factor 
IX, follicle stimulating hormone, interleukin-2, erythropoietin, anti-TNF-alpha, and a 
lysosomal hydrolase. Lysosomal hydrolases useful in the present invention include, 
but are not limited to, beta-glucosidase, alpha-galactosidase-A, beta-hexosaminidase, 
beta-galactosidase, alpha-galactosidase, alpha-mannosidase, beta-mannosidase, alpha- 
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L-fucosidase, beta-glucuronidase, alpha-glucosidase, alpha-N- 

acetylgalactosaminidase, and acid phosphatase. It will be understood that any mutant 
or variant of a therapeutic protein may be expressed using vectors of the present 
invention. 

5 The present invention also features a vector useful for the production 

of a non-therapeutic protein, referred to herein as reagent proteins. As will be 
understood by the skilled artisan, a reagent protein is one which does not currently 
have a therapeutic application. Such proteins include, but are not limited to, enzyme 
reagents, food enzymes, nutritional supplements, and non-active additives. Methods 

10 of expressing reagent proteins using vectors of the invention will be understood by the 
skilled artisan to be conducted in the same manner as the above-described methods of 
expressing therapeutic proteins using vectors of the present invention. 

Another feature of a vector of the present invention is the option of a 
protease cleavage site coding sequence located in the multiple cloning site. A 

15 protease cleavage site coding sequence may be inserted into the multiple cloning site 
adjacent to, upstream from, or downstream from a target protein coding sequence. As 
will be understood by one of skill in the art, a protease cleavage site will typically be 
inserted into the multiple cloning site in frame with the target protein. One of skill in 
the art will also understand that a protease cleavage site coding sequence can be used 

20 to produce a recombinant fusion protein by concomitantly expressing the protease 
cleavage site sequence and target protein. The expressed fusion protein can then be 
isolated, purified, or identified by means of the protease cleavage site. 

In an embodiment of the invention, a vector contains a coding 
sequence for a protease cleavage site which is located C-terminal to the nucleic acid 

25 sequence encoding an MBP. In one aspect, a vector is pCWin2-MBP-SBD 39 (PMS39). 
In another aspect, a vector is pCWin2-MBP-MCS-SBD 39 (pMXS 39 ). 

A fusion protein containing a preselected protease cleavage site, as will 
be understood by one of skill in the art, is useful for the removal of amino acid 
sequence that is extraneous or non-essential to the expressed protein of interest. For 

30 example, a target protein may be expressed using a vector of the present invention as 
a fusion with an affinity tag for the purpose of purification of the target protein, but 
the affinity tag may not be desirable once the protein is sufficiently purified. The 
insertion of a specific protease cleavage site between the target protein and the 
affinity tag is useful for the cleavage of the affinity tag from the target protein. 
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Protease cleavage sites useful in the present invention include, but are not limited to, 
an enterokinase cleavage site, a Factor Xa cleavage site, a thrombin cleavage site, and 
a TEV protease cleavage site. The skilled artisan will understand the characteristics 
and uses of a protease cleavage useful in the present invention. 
5 The present invention also features a recombinant bacterial host cell 

comprising , inter alia, a nucleic acid vector as described elsewhere herein. In one 
aspect, the recombinant cell is transformed with a vector of the present invention. The 
transformed vector need not be integrated into the cell genome nor does it need to be 
expressed in the cell. However, the transformed vector will be capable of being 

10 expressed in the cell. In one aspect of the invention, E. coli is used for transformation 
of a vector of the present invention and expression of protein therefrom. In another 
aspect of the invention, a K-12 strain of E. coli is useful for expression of protein 
from a vector of the present invention. Strains of E. coli useful in the present 
invention include, but are not limited to, JM83, JM101, JM103, JM109, W3110, 

15 chil776,and JA221. 

It will be understood that a host cell useful in the present invention will 
be capable of growth and culture on a small scale, medium scale, or a large scale. For 
example, a host cell of the invention is useful for testing the expression of a protein 
from a vector of the invention equally as much as it is useful for large scale 

20 production of a reagent or therapeutic protein product. Techniques useful in culturing 
host cells and expressing protein from a vector contained therein are well known in 
the art and will therefore not be listed herein. 

A host cell of the present invention may be transformed with a vector 
of the present invention to produce a transformed host cell of the invention. 

25 Transformation, as known to the skilled artisan, includes the process of inserting a 
nucleic acid vector into a host cell, such that the host cell containing the nucleic acid 
vector remains viable. Such transformation of nucleic acid into a bacterial cell is 
useful for purposes including, but not limited to, creation of a stably-transformed host 
cell, making a biological deposit, propagating the vector-containing host cell, 

30 propagating the vector-containing host cell for the production and isolation of 
additional vector, expression of target protein encoded by vector, and the like. 

Methods of transforming a vector are numerous and well-known in the 
art, and will therefore not be listed here. By way of a non-limiting example, a 
competent bacterial cell of the invention may be transformed by a vector of the 
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invention using electroporation. Methods of making bacterial cells "competent" are 
well-known in the art, and typically involve preparation of the bacterial cells so that 
the cells take up exogenous DNA. Similarly, methods of electroporation are known 
in the art, and detailed descriptions of such methods may be found, for example, in 
5 Sambrook et al. (1989, supra). The transformation of a competent cell with vector 
DNA may be also accomplished using chemical-based methods. One example of a 
well-known chemical-based method of bacterial transformation is described by Inoue, 
et al. (1990, Gene 96:23-28). Other methods of transformation will be known to the 
skilled artisan. 

10 In one embodiment of the present invention, a Cst-04Kan5 plasmid is 

transfomed into E. coli JM109 cells using 20 jllI JM109 competent cells in 0.34 jul 
1.42 M beta mercaptoethanol, incubated on ice for 10 minutes, at which time Jjxl (100 
ng) Cst-04-Kan5 plasmid is added to the transformation mixture. The cell/DNA 
mixture is incubated ice for 30 minutes, then heat shocked at 42 °C for 45 seconds. 

15 The reaction is then incubated on ice for 2 minutes, at which time 80 jllI SOC media is 
added. The reaction mixture is then shaken at 37°C for 1 hour, and subsequently, 
plated on LB Kan r agar plates. Identification and confirmation of the Cst-04-Kan5 
plasmid DNA is carried out using a restriction enzyme digestion of plasmid DNA 
isolated from positive transformants, using Ndel, Sail, PstI restriction enzymes. 

20 A transformed host cell of the present invention may be used to 

express a protein. In an embodiment of the invention, a transformed host cell contains 
a vector of the invention, which contains therein a nucleic acid sequence encoding an 
exogenous protein. The protein is expressed using any expression method known in 
the art (for example, IPTG). The expressed protein may be contained within the host 

25 cell, or it may be secreted from the host cell into the growth medium. 

Methods for isolating an expressed protein are well-known in the art, 
and the skilled artisan will know how to determine the best method for isolation of an 
expressed protein based on the characteristics of any given host cell expression 
system. By way of a non-limiting example, an expressed protein that is secreted from 

30 a host cell may be isolated from the growth medium. Isolation of a protein from a 

growth medium may include removal of bacterial cells and cellular debris. By way of 
another non-limiting example, an expressed protein that is contained within a host cell 
may be isolated from the host cell. Isolation of such an "intracellular" expressed 
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protein may include disruption of the host cell and removal of cellular debris from the 
resultant mixture. These methods are not intended to be exclusive representations of 
the present invention, but rather, are merely for the purposes of illustration of various 
applications of the present invention. 
5 Purification of a protein expressed in accordance with the present 

invention may be effected by any means known in the art. The skilled artisan will 
know how to determine the best method for the purification of a protein expressed in 
accordance with the present invention. A purification method will be chosen by the 
skilled artisan based on factors such as, but not limited to, the expression host, the 

10 contents of the crude extract of the protein, the size of the protein, the properties of 
the protein, the desired end product of the protein purification process, and the 
subsequent use of the end product of the protein purification process. 

In an embodiment of the invention, isolation or purification of a 
protein expressed in accordance with the present invention may not be desired. In an 

15 aspect of the present invention, an expressed protein may be stored or transported 

inside the bacterial host cell in which the protein was expressed. In another aspect of 
the invention, an expressed protein may be used in a crude lysate form, which is 
produced by lysis of a host cell in which the protein was expressed. In yet another 
embodiment of the invention, an expressed protein may be partially isolated or 

20 partially purified according to any of the methods set forth or described herein. The 
skilled artisan will know when it is not desirable to isolate or purify a protein of the 
invention, and will be familiar with the techniques available for the use and 
preparation of such proteins. 



25 II. Methods of providing a protein to a customer 

The present invention features a method of providing a protein to a 
customer. In an embodiment of the invention, a nucleic acid encoding a protein is 
cloned into an expression vector. The encoded protein is expressed from the 
expression vector, and the resulting protein product is provided to a customer. 

30 In an embodiment of the invention, a protein is expressed from an 

expression vector in vitro. Techniques for in vitro protein expression are known in 
the art, and are exemplified by the methods of Melton and colleagues (Krieg et aL, 
1987, 
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Meth. Enzymol. 155, 397-415; Yisraeli et al., 1989, Meth. Enzymol. 180, 42-50). A 
protein produced using an in vitro expression method of the present invention is 
provided to a customer. 

In another embodiment of the invention, a protein is expressed from an 
5 expression vector in vivo. Numerous techniques for expression of a protein from an 
expression vector in vivo are described in detail elsewhere herein, and are also well- 
known in the art. Such techniques include, but are not limited to, expression of a 
protein from a vector in a bacterial host cell. A protein produced using an in vivo 
expression method of the present invention is provided to a customer. 

10 In one aspect of the invention, a protein is expressed from a pcWINl 

expression vector, as set forth in SEQ ID NO:l. In another aspect of the invention, a 
protein is expressed from a pcWIN2 expression vector, as set forth in SEQ ID NO:2. 
In yet another aspect of the invention, a protein is expressed from a pcWIN2/MBP 
expression vector, as set forth in SEQ ID NO:3. In still another aspect of the 

15 invention, a protein is expressed from a pCWin2-MBP-SBD 39 (pMS 3 9) expression 

vector, as set forth in SEQ ID NO: 10. In yet another aspect of the invention, a protein 
is expressed from a pCWin2-MBP-MCS-SBD 39 (pMXS 39 ) expression vector, as set 
forth in SEQ ID NOrll. As will be understood by one of skill in the art, a pcWIN 
vector of the present invention is useful in any of the expression methods set forth 

20 herein for the production of a target protein that may be provided to a customer. 

Methods of the present invention for in vivo expression of a protein in 
a bacterial cell comprise transformation of the bacterial cell with an expression vector 
comprising the protein of interest. Methods of transforming a bacterial cell with a 
vector are described in detail elsewhere herein, and would be understood by one of 

25 ordinary skill in the art. It will be appreciated that methods of bacterial cell 

transformation other than those explicitly disclosed herein are useful in methods of 
the present invention, and therefore, are within the scope of the present invention. 

Vectors featured in methods of the present invention are described in 
detail elsewhere herein. In an embodiment of the invention, a method of providing a 

30 protein to a customer comprises expressing a protein from an expression vector useful 
for production of a therapeutic protein. As described above, vectors of the invention 
useful in such methods are comprised of an antibiotic resistance marker such as 
kanamycin, tetracycline, chloramphenicol, and the like, as such antibiotics are 
particularly useful in connection with the expression of therapeutic proteins. A 
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therapeutic protein provided to a customer using this method is particularly useful to 
the customer due to the fact that kanamycin, tetracycline, chloramphenicol and like 
antibiotics are preferred by certain regulatory agencies for the production of 
therapeutic proteins. 

5 The present invention therefore features a method of providing a 

known therapeutic protein to a customer. Therapeutic proteins include, but are not 
limited to, human growth hormone, granulocyte colony stimulating factor, interferons 
alpha, -beta, and -gamma, Factor IX, follicle stimulating hormone, beta-glucosidase, 
interleukin~2, erythropoietin, alpha-galactosidase-A, and anti-TNF-alpha. It will be 

10 understood by the skilled artisan that any nucleic acid encoding a therapeutic protein, 
wherein the nucleic acid is capable of being cloned into and expressed from a nucleic 
acid vector of the invention, will be useful in the present invention. The ability to 
determine a therapeutic protein useful in the present invention is within the skill of the 
ordinary artisan and such a determination does not require undue experimentation. 

15 In another embodiment of the invention, a method of providing a 

protein to a customer comprises expressing a protein from an expression vector useful 
for production of a reagent protein. Vectors of the invention useful in such methods 
preferably have had the native ampicillin resistance gene disabled, altered, or deleted, 
such that the ampicillin resistance gene is no longer functional in the vector. Such 

20 vectors are comprised of any antibiotic resistance marker other than ampicillin known 
in the art to be useful in the expression of proteins. Antibiotic resistance markers 
useful in the invention include kanamycin, tetracycline, chloramphenicol, and like 
antibiotic resistance markers approved by certain regulatory agencies, as well as any 
antibiotic resistance marker not approved by certain regulatory agencies for use with 

25 therapeutic proteins. 

Therefore, the present invention also features methods of providing a 
protein to a customer, wherein the protein is a reagent protein, and therefore, need not 
be expressed from a vector containing antibiotic resistance marker accepted by a 
regulatory agency. However, a reagent protein may also be expressed from a vector 

30 containing an FDA-accepted antibiotic resistance marker. A protein produced by 

such a method of the invention may be useful for almost any purpose, including, but 
not limited to, an enzyme reagent, a food enzyme, a nutritional supplement, and a 
non-active additive. Examples of such proteins include, but are not limited to a 
glycosyltransferase and a sugar nucleotide-generating enzyme. 
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In an embodiment of the invention, a method is provided wherein a 
nucleic acid is cloned into a vector containing any antibiotic resistance marker useful 
in the expression of a protein, the protein is expressed therefrom, and the resulting 
protein product is provided to a customer. It will be understood that such a protein 
5 may be expressed in vivo or in vitro. 

Methods of the present invention also feature a vector comprising a 
highly-functional multiple cloning site. Such vectors are described in detail elsewhere 
herein. In an embodiment of the invention, a method of providing a protein to a 
customer comprises expressing a protein from an expression vector useful for 

10 production of a therapeutic protein. As described above, vectors of the invention 

useful in such methods are comprised of a highly-functional multiple cloning site, in 
addition to an antibiotic resistance marker such as kanamycin, tetracycline, 
chloramphenicol, and the like. In this embodiment, a therapeutic protein is expressed 
cloned into a vector comprising a highly-functional multiple cloning site in addition to 

15 an antibiotic resistance marker, expressed therefrom, and provided to a client. In one 
aspect of the invention, the multiple cloning site contains at least one of Ndel, 
BamHI, SacI, Hindlll, Xbal, Xhol, EcoRI, Kpnl, and Sail restriction enzyme cleavage 
sites. 

Methods of the present invention also feature a vector comprising an 
20 affinity tag. Such vectors are described in detail elsewhere herein. In an embodiment 
of the invention, a method of providing a protein to a customer comprises expressing 
a protein from an expression vector useful for production of a therapeutic protein. As 
described above, vectors of the invention useful in such methods are comprised of an 
affinity tag, in addition to an antibiotic resistance marker such as kanamycin, 
25 tetracycline, chloramphenicol, and the like. In this embodiment, a therapeutic protein 
is expressed cloned into a vector comprising an affinity tag in addition to an antibiotic 
resistance marker, expressed therefrom, and provided to a client. In a preferred 
embodiment, the affinity tag is a maltose-binding protein. 

In other embodiments of the invention, a useful affinity tag may be, but 
30 is not limited to, a histidine tag, a Factor EX tag, a glutathione-S-transferase tag, 
starch-binding domain, a FLAG-tag, and the like. One of skill in the art will 
understand that any affinity tag capable of being used with a vector of the present 
invention will be useful in methods of the invention. Further, the skilled artisan will 
also appreciate that a single vector of the invention may comprise more than one 
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affinity tag, and that multiple affinity tags may be identical or may be heterogeneous 
in sequence. 

The present invention also features a method of providing a protein to 
a customer, wherein an expression vector used to express a protein has multiple 
5 characteristics as described elsewhere herein. For example, a method of the present 
invention for providing a protein to a customer comprises the cloning of a nucleic acid 
encoding the protein into an expression vector, wherein the expression vector 
comprises a kanamycin resistance marker and a highly-functional multiple cloning 
site. 

10 In an embodiment of the invention, a method of providing a protein to 

a customer comprises the cloning of a protein into the expression vector set forth in 
SEQ ID NO: 1 . The protein-SEQ ID NO: 1 construct is transformed into an E. coli 
cell, the protein is expressed therefrom, and the protein product is provided to the 
customer. In one aspect of the invention, the E. coli cell is a JM109 cell. In another 

15 aspect of the invention, the protein is a therapeutic protein. In yet another aspect of 
the protein, the protein is a reagent protein. 

In another embodiment of the invention, a method of providing a 
protein to a customer comprises the cloning of a protein into the expression vector set 
forth in SEQ ID NO:2. The protein-SEQ ID NO:2 construct is transformed into an E. 

20 coli cell, the protein is expressed therefrom, and the protein product is provided to the 
customer. In one aspect of the invention, the E. coli cell is a JM109 cell. In another 
aspect of the invention, the protein is a therapeutic protein. In yet another aspect of 
the protein, the protein is a reagent protein. 

In another embodiment of the invention, a method of providing a 

25 protein to a customer comprises the cloning of a protein into the expression vector set 
forth in SEQ ID NO:3. The protein-SEQ ID NO:3 construct is transformed into an E. 
coli cell, the protein is expressed therefrom, and the protein product is provided to the 
customer. In one aspect of the invention, the E. coli cell is a JM109 cell. In another 
aspect of the invention, the protein is a therapeutic protein. In yet another aspect of 

30 the protein, the protein is a reagent protein. 

In still another embodiment of the invention, a method of providing a 
protein to a customer comprises the cloning of a protein into the expression vector set 
forth in SEQ ID NO:10. The protein-SEQ ID NO:10 construct is transformed into an 
E. coli cell, the protein is expressed therefrom, and the protein product is provided to 
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the customer. In one aspect of the invention, the E. coli cell is a JM109 cell. In 
another aspect of the invention, the protein is a therapeutic protein. In yet another 
aspect of the protein, the protein is a reagent protein. 

In another embodiment of the invention, a method of providing a 
5 protein to a customer comprises the cloning of a protein into the expression vector set 
forth in SEQ ID NO:ll. The protein-SEQ ID NO:ll construct is transformed into an 
E. coli cell, the protein is expressed therefrom, and the protein product is provided to 
the customer. In one aspect of the invention, the E. coli cell is a JM109 cell. In 
another aspect of the invention, the protein is a therapeutic protein. In yet another 

10 aspect of the protein, the protein is a reagent protein. 

The present invention features a method of providing a protein to a 
customer, wherein a nucleic acid encoding a protein is cloned into an expression 
vector of the invention by the party providing a vector to a recipient. That is, a 
nucleic acid encoding a protein is cloned into an expression vector of the invention 

15 before the vector is transferred to a recipient. In an embodiment of the invention, a 
method of providing a protein to a customer comprises providing a vector to a 
recipient, wherein the vector contains a nucleic acid encoding a protein. The recipient 
of the vector expresses the protein, and the protein is then provided to a customer. In 
one aspect of the invention, a recipient is a protein production facility. 

20 In an embodiment of the invention, a method of providing a protein to 

a customer comprises providing a vector to a recipient, wherein the vector does not 
contain a nucleic acid encoding a protein. The recipient of the vector clones a nucleic 
acid encoding a protein into the vector and expresses the protein, and the protein is 
then provided to a customer. In one aspect of the invention, a recipient is a protein 

25 production facility. In another aspect of the invention, the nucleic acid cloned into a 
vector is provided by the party providing the vector to the recipient. In yet another 
aspect of the invention, the nucleic acid cloned into a vector is provided by the 
recipient. 

The invention also features a method of providing a protein to a 
30 customer, wherein the method comprises providing a vector to a recipient, wherein 
the vector comprises a nucleic acid encoding a protein, for the purpose of expression 
of the protein encoded by the vector. In one embodiment of the invention, the 
recipient is a protein production facility. In one aspect, the protein production facility 
is in-house. By way of non-limiting examples, such recipients include an in-house 
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protein production facility and an in-house laboratory. In another aspect of the 
invention, the protein production facility is offsite. By way of non-limiting examples, 
such recipients include an offsite protein production facility, an offsite laboratory, an 
offsite biotechnology company and an offsite pharmaceutical company. 
5 A protein produced using a method of the present invention may be 

provided to a customer by the recipient of the vector, wherein the recipient is 
responsible for expressing the protein from the vector provided by another party. 
Alternatively, a protein produced using a method of the present invention may be 
provided to a customer by the original party that provided the vector to the recipient, 

10 wherein the recipient expresses the protein and provides the resulting protein product 
to the original party so that the original party may provide the protein to a customer. 

A protein produced using a method of the present invention may be 
provided to a customer in the form of a purified protein, a partially purified protein, 
an isolated protein, a partially isolated protein, a bacterial cell lysate, cell paste or 

15 purified inclusion bodies. It will be understood that a protein produced using a 

method of the present invention may be provided to a customer in any form known in 
the art to be useful for the storage, transfer, or processing of a recombinant protein. 

The present invention also features a method of providing a protein to 
a customer, wherein at least one glycosyl moiety is added to the protein before 

20 providing the protein to the customer. A glycosyl moiety may be added to a protein 
using any method known in the art. Additionally, a glycosyl moiety may be added to 
a protein of the invention using any one of the methods or reagents taught by DeFrees 
et al. in PCT Application WO 03/031464, which is incorporated herein by reference 
in its entirety. The skilled artisan will understand, based on the disclosure herein, that 

25 any of the methods known in the art or set forth herein are useful for glycosylating a 
protein of the present invention prior to providing the protein to a customer. 

Thus, in an embodiment of the present invention, a method of 
providing a protein to a customer comprises providing a vector comprising a nucleic 
acid encoding a protein to a recipient, wherein the recipient expresses the protein, and 

30 further wherein the protein is modified with at least one glycosyl moiety before the 
protein is provided to a customer. In one aspect of the invention, at least one glycosyl 
moiety is added to the protein by the recipient before providing the protein to a 
customer. In another aspect of the invention, at least one glycosyl moiety is added to 
the protein by the recipient before providing the protein to the original supplier of the 
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vector, wherein the original supplier of the vector subsequently provides the protein to 
a customer. In yet another aspect of the invention, the recipient provides the 
expressed protein to the original supplier of the vector, wherein the original supplier 
of the vector adds at least one glycosyl moiety to the protein before providing the 
5 protein to a customer. 

In another embodiment of the invention, a method of providing a 
protein to a customer comprises providing a vector to a recipient, wherein the 
recipient clones a nucleic acid encoding a protein into the vector, expresses the 
protein, and further wherein the protein is modified with at least one glycosyl moiety 

10 before the protein is provided to a customer. In one aspect of the invention, at least 
one glycosyl moiety is added to the protein by the recipient before providing the 
protein to a customer. In another aspect of the invention, at least one glycosyl moiety 
is added to the protein by the recipient before providing the protein to the original 
supplier of the vector, wherein the original supplier of the vector to the recipient 

15 provides the protein to a customer. In yet another aspect of the invention, the 

recipient provides the expressed protein to the original supplier of the vector, wherein 
the original supplier of the vector adds at least one glycosyl moiety to the protein 
before providing the protein to a customer. 

20 EXPERIMENTAL EXAMPLES 

The invention is now described with reference to the following 
examples. These examples are provided for the purpose of illustration only and the 
invention should in no way be construed as being limited to these examples but rather 
should be construed to encompass any and all variations which become evident as a 

25 result of the teaching provided herein. 

Example 1: Modification of pCWori+ Amp r expression vector by disrupting the 
Amp r gene and adding the kanamvcin resistance gene 

30 The pCWori+ Amp r vector contains an ampicillin resistance marker, as 

well as the genes encoding N. Meningitidis CMP-NAN synthetase (CNS) and 
Campylobacter Jejuni oc2,3 Sialyl Transferase (CstT), referred to as Cst-04 (Cst-04 
was provided by Warren Wakarchuck, National Research Council, Canada). This 
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example describes the complete process by which the Cst-04 (pCWori-h amp r -CNS- 
Cstl) plasmid was interrupted at the Pvul and Seal sites of ampicillin gene by the 
insertion of the kanamycin resistance gene. 

A kanamycin resistance gene was isolated from pGEX-Kt-ext Kan r 
5 using PCR to generate cDNA with modified restriction sites at 5' (Pvul- 

ATTCCAATTCGATCGGGGGGGGGGGGAAA) (SEQ ID NO:4) and 3' (Scal- 
ATTCCAAGTAGTACTTTAGAAAAACTCATCG) (SEQ ID NO:5) ends. The PCR 
product was then subcloned into a Cst04 (pCWori+ amp r -CNS-CstI) vector in TGI 
cells. A colony positive for the recombinant vector (Cst~04Kan5) was identified, and 

10 the Cst~04Kan5 plasmid was isolated, then transformed into JM109 cells. 

A PCR reaction was conducted containing 1 ng pGEXKan 1 template, 1 
lig (1 |nl) kan-Scal/Pvul primer, 77 jllI H 2 0, 8 yl dNTP mixture, 10 pi 10X buffer, and 
1 ill Vent polymerase. The reaction parameters included a 5 minute cycle at 95 °C, 
followed by the addition of 1 fxl of Vent polymerase and thirty cycles of the following 

15 temperature pattern: 94 °C for one minute, 55 °C for one minute, 72 °C for one 
minute. 

The PCR product and the Cst-04 vector were subjected to a restriction 
digest. The PCR product digest included 16 jul PCR rxn, 2 \xl 10X buffer, 0.5 jutl 
Pvul, 0.5 \xl Seal, 1 |Lil H 2 0. The pGEX-Ktext Kan r vector digest included 1 jutl 

20 pGEX-Ktext Kan r vector, 2 |Lil 10X buffer, 0.5 jLtl Pvul, 0.5 jllI Seal, 1 fil H 2 Q. Both 
digests were incubated at 37 °C for 3 hours. Both the digested PCR fragment and the 
digested vector DNA were purified from 0.8% TAE agarose gels (Figure 1 A). 

The PCR product was then ligated into Cst-04 vector. The ligation 
reaction contained 7 pel gel-purified Kan r gene (cut with Sacl/Xbal), 1 jul gel-purified 

25 Cst-04 vector (cut with Bamffi/EcoRI), 1 pX 10X Ligation Buffer 1 fi\ T4 DNA 
ligase, and was incubated on ice overnight. The ligated PCR product was then 
transformed into the TGI competent cells. The transformation reaction conditions 
included 500 fxl (thawed on ice) TGI Competent cells and 5\xl pGEX-KT-exT-kan r - 
CNS-Cstl ligation rxn. The cell/DNA mixture was incubated on ice for 30 minutes, 

30 and the cells were heat shocked at 42°C for 45 seconds and then incubated on ice 

again for 2 minutes. 500 |Lil LB broth was added and the mixture was shaken at 37°C 
for 1 hour. The transformation reactions were then plated on LB Kan r plates and 
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incubated 37°C overnight. The results of the transformation reactions are shown in 
Figure IB. 

Positive clones were screened for using the following method. Two milliliters 
of 9x LB/Kanamycin (10|Lig/ml) culture was incubated with individual transformants 
5 at 37°C o/n using 250 RPM shaking. 1.5 milliliters of the overnight culture was 

transferred to an eppendorf tube to isolate plasmid DNA using Wizard Mini-Prep Kit 
(Qiagen, Valencia, CA). An insert-containing colony (Cst~04-Kan5, Figure 1C) was 
expanded in 100 ml of LB culture in order to isolate more plasmid DNA. 

The Cst~04-Kan5 plasmid-containing colony was screened for 

10 kanamycin and ampicillin resistance. Cst-04-Kan5 colony was streaked on both 
AFLB Kan r and Amp r plates, which were incubated overnight at 37 °C. Figure ID 
shows that, in colony Cst-04Kan5, the kanamycin resistance gene is active and the 
Ampicillin resistance gene is inactive. 

The Cst-04Kan5 plasmid was transfomed into E. coli JM109 cells 

15 using 20 jljlI JM109 competent cells in 0.34 \xl 1.42 M beta mercaptoethanol, incubated 
on ice for 10 minutes, then adding IjliI (100 ng) Cst-04-Kan5 plasmid. The cell/DNA 
mixture was incubated ice for 30 minutes, then heat shocked at 42 °C for 45 seconds. 
The reaction was then incubated on ice for 2 minutes, at which time 80 jllI SOC or LB 
was added. The reaction mixture was shaken at 37°C for 1 hour, then plated on LB 

20 Kan r plates. Identification and confirmation of the Cst-04-Kan5 plasmid DNA was 

carried out with a restriction enzyme digestion of plasmid DNA isolated from positive 
transformants, using Ndel, Sail, PstI restriction enzymes. The restriction fragment 
sizes were -7.3 kb for one cut, such as Ndel or Sail. Three bands (~1.7kb, ~2.2kb, 
and ~3.2kb) were observed when Cst~04~Kan5 DNA was cut with PstI (See Figure 

25 lC,lane4). 

Starter cultures of Cst-04Kan5 plasmid-containing cells were produced 
and used to inoculate 100ml cultures for the generation of cell lysates. Centrifuged 
cell pellets resulting from the large-scale cultures were resuspended in 5ml H2O prior 
to lysis in a French press. The resultant lysate was centrifuged at 4°C, 18,000 RPM for 
30 20 minutes. The clarified lysate was subsequently used for activity analysis and the 
remainder of the lysate was stored at -20°C. 

The activity of the cell lysates was determined under the assay 
conditions illustrated in Table 1. 
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Table 1. 

Final Stock 
Reagent Concentration Concentration Amounts 



CTP 


ImM 


100 mM 


1 jxl 


NAN 


ImM 


200 mM 


0.5 ill 


LacPsy 


0.5 mM 


2.5 mM 


20 fjl 


MgC12 


50 mM 


1M 


5 ^1 


Tris pH 8 


lOOmM 


1M 


lOjil 


Lysate 


15% 


Crude 


15 nl 


dH20 






63 nl 


Total 






100 m-1 



reaction 



volume 

Table 1 lists the reagents, and concentrations and volumes thereof, used in the lysate 
5 activity assays. 

The lysate assay reagents were mixed and incubated at 37°C. Time points were taken 
at 0 minutes and 1 hour. A negative control (pGEX~Kt-exT-kan r vector without insert) 
was also included. All time points were analyzed using thin layer chromatography 
10 (CHCl3:CH 3 OH:H 2 O:NH4OH:60:40:5 : 1 respectively). The plates were air dried, 
dipped in anisaldehyde and heated on a hot plate until the spots developed. Cst- 
04Kan5 lysate was also assayed for activity using lacto-N-neotetraose as substrate. 
The lacto-N-neotetraose substrate activity is illustrated in Figure IE. Activity of 
lysates from Cst-04Kan5 plasmid-containing cells was 8500 units/liter. 

15 

Example 2: Modification of the polvlinker of pCWori+ Kan r expression vector. 

pCWori+ Kan r (Cst-04Kan5) contains the genes encoding N. 
meningitidis CMP-NAN synthetase (CNS) and Campylobacter jejuni oc2,3 Sialyl 
20 Transferase (CstI) at the multiple cloning site. This vector appears to give high levels 
of expression of recombinant proteins but is hard to use due to the limited number of 
restriction sites in the multiple cloning site (MCS). Therefore, the multiple cloning 
site was modified and expanded as described herein. 

The multiple cloning site starting at Ndel restriction site and extending 
25 to the start of the inactive Amp r gene from Cst04Kan5 was generated using PGR to 
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generate cDNA with modified multiple cloning sites at 5' (Pcwmcs (Ndel) - 
ATCGATCGACATATGGGATCCGAGCTCAAGCTTTCTAGACTCGAGGAATT 
CGGTACCGTCGACATCGATGATAAGCTGTCAAA) (SEQ ID NO:6) and 3' 
(Scal-ATTCCAAGTAGTACTACTCTTCCTTTTTCAA) (SEQ ID NO:7) ends of 
5 pCWINl construct. The PGR primers set for pre pCWIN2 construct are 5 5 (Bgl II- 
CAATTATATAGATCTATCGATGCTTAGGAGGT) (SEQ ID NO:8) and 3' (Cstl- 
Xba-TTGCCTTATTCTAGATCATTAGTGGTGATGGTGGTG) (SEQ ID NO:9). 
The PGR products were then subcloned into Cst04kan5 (pCWori+ kan r -CNS-CstI) 
vector, transformed into TGI cells, and screened for the correct construct. 

10 Two PCR reactions were conducted, using 10 ng Cst04Kan5 cDNA as 

a template. The first reaction contained 1 jLtg (1 jlxI) Pcwmcs/Scal-pcw primer, 78 jixl 
H 2 G, 8 |Lil dNTP mixture, 10 jul 10X buffer, and l.pl Vent polymerase. The second 
reaction contained 1 |xg (1 jLtl) 5'pcBglII/Cstl-Xba primer, 78 jllI H 2 0, 8 (il dNTP 
mixture, 10 |Lil 10X buffer, and 1 juil Vent polymerase. The PCR reaction parameters 

15 included a 5 minute cycle at 95 °C, followed by the addition of 1 |Lil of Vent 

polymerase and thirty cycles of the following temperature pattern: 94 °C for one 
minute, 55 °C for one minute, 72 °C for one minute. 

The PCR products were subjected to a restriction digest. The first PCR 
reaction product ("pCWINl" insert) digest included 16 |Ltl PCR rxn, 2 \xl 10X buffer, 

20 0.5 \xl Ndel, 0.5 \i\ Seal, 1 julI H 2 0, and the second PCR reaction product ("pre 

pCWIN2" insert) digest included 16 jil PCR rxn, 2 |Lil 10X buffer, 0.5 |Lil Bglll, 0.5 |il 
EcoRI, 1 jllI H 2 0. A pCWori Kan r Cst04Kan5 vector was prepared for insertion of the 
first PCR product by incubation of 2 |Lil (1 |ig) Cst04Kan5 vector, 2 \xl 10X buffer, 0.5 
|Ltl Ndel, 0.5 |xl Seal, 1 \xl H 2 0. A pCWori Kan r Cst04Kan5 vector was similarly 

25 prepared for insertion of the second PCR product by incubation of 2 jul (1 JLtg) 
Cst04Kan5 vector, 2 |Lil 10X buffer, 0.5 jliI BamHI, 0.5 jljlI EcoRI, 1 \il H 2 0. 

The digested PCR fragments and digested vectors were purified from 
0.8% TAE agarose gels (Figure 2A). The PCR products were then subcloned into Cst- 
04kan5 vectors by ligation (Table 2) and electroporated into the TGI competent cells. 

30 Electroporation reactions included 30 \xl thawed (on ice) TGl/DH5a 

electrocompetent cells and 3 JLtl ligation reaction mixture. The DNA/cell 
electroporation mixture was transferred to a chilled cuvette, and the cells were 
subjected to electroporation using pulses of 2.5 KV, R5 resistance, and 129 ohms. 0.9 
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ml SOC media was then added to the reaction mixture, and the entire culture was 
incubated at 37 °C for one hour, at which time the electoporation product was 
incubated overnight after plating on LB agar plates containing 50 |mg/ml Kan r . 



5 Table 2 

1. pCWINl 

Gel-purified pCWINl insert (digested A) 7 pi 

Gel-purified Cst-04kan5 vector (digested B) 1 [il 

10X Ligation Buffer 1 fll 

10 T4 DNA Ligase 1 /xl 

2. pre pCWIN2 

Gel-purified pre pCWIN2 insert (digested C) 7 fil 

Gel-purified Cst-04kan5 vector (digested D) 1 fil 

15 10X Ligation Buffer 1 jtil 

T4 DNA Ligase 1 jul 

3. pCWIN2 

Gel-purified pCWINl#5 insert (digested E) 7 fil 
20 Gel-purified pre pCWIN2#l 1 vector (digested F) 1 fil 

10X Ligation Buffer 1 fil 

T4 DNA Ligase 1 fil 



Table 2 illustrates the ligation reaction conditions for pCWINl, pre-pCWIN2, and 
25 pCWIN2 PGR reaction products. Both pCWINl and pre pCWIN2 ligations were 
incubated at 4°C overnight. 

Screening of transformants for positive clones was then conducted. 
Five colonies pCWINl -containing TGI cells were selected, as were 9 colonies of pre- 

30 pCWin2 in DH5oc, and 18 colonies of pCWin2 in TGI. Each was placed into 2 ml 
TB/kanamycin (50)JLg/ml) and incubated at 37°C for 5 hours with shaking at 250 
RPM. 1.5 milliliters of each culture was transferred to an eppendorf tube to isolate 
plasmid DNA using Wizard Plus Mini-Prep Kit (Qiagen, Valencia, CA). Each 
plasmid DNA preparation was subjected to restriction digestion with the appropriate 

35 restriction endonucleases as described above. The digestion reactions were then 
analyzed on agarose/TAE gels (Figures 2B - 2D). 

One colony of pCWinl (colony #5) and one colony of pre pCWin2 
(colony #1 1) contained the appropriate sized inserts. Specifically, the expected size 
for the pCWinl insert was 5 kb and the expected size for the pre-pCWin2 insert was 7 

40 kb (Figure 2B). pCWinl and pre pCWin2 plasmid DNA were digested with Ndel and 
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Seal. Ndel and Seal digestion of pCWinl plasmid generated bands of 750 bp and 
4.2kb, and the same digestion of pre-pCWin2 plasmid generated bands of 2.8 kb and 
4.2 kb (Figure 2C). Figure 2D illustrates the result of ligating the 750 bp of pCWinl 
with the 4.2 kb fragment of pre-pCWin2 to generate the pCWin2 expression vector. 
5 The difference between pCWinl and pCWin2 expression is that pCWinl has two 
BamHl sites, one in being in the tac promoter and the other being in the multiple 
cloning site (down stream of Ndel). pCWin2 has only one BamHl site, in the 
multiple cloning site, and the BamHl that resided in the tac promoter was destroyed. 

10 Example 3: Addition of Maltose Binding Protein to pCWin2 Kan r Expression Vector 

The E.coli malE gene, encoding a maltose binding protein, was 
subcloned into the pCWin2 kan r bacterial expression vector. The malE gene was PGR 
amplified from pMal-c2X, ligated into the multiple cloning site of pCWin2 kan r , and 
15 subsequently transformed into electrocompetent DH5a E. coli. The final product, a 
pCWin2MBP kan r bacterial fusion tag expression vector, was created as described 
below. 

Restriction endonuclease digestion of pCWin2 kan r and pMAL-c2X 
amp r was conducted to prepare the malE maltose binding protein cDNA and the 

20 pCWin2 vector cDNA for insertion of the malE cDNA into the pCWin2 vector. 

Digestion of the malE cDNA was conducted using 2 /xl of pMAL -C2X vector DNA 
(l/xg//xl), 2 /xl 10X BamHl NEbuffer, 2 /xl 10X purified BSA, 1 /xl Ndel, 1 fil BamHl, 
and 12 fil dH^O. Digestion of the vector was conducted using 2 /xl pCWin2 vector 
DNA 0.8/xg//xl, 2 /xllOX BamHl NEbuffer, 2 /xl 10X purified BSA, 1 /xl Ndel, 1 /xl 

25 BamHl, and 12 /xl dH 2 0. 

The restriction enzyme digestions were incubated at 37°C for two 
hours. The reactions were stopped by adding 3 /xl Blue/Orange 6x Agarose Loading 
Dye. The digestions were then loaded onto separate 0.7% agarose/TAE gels, and 
electrophoresed at 135 volts until the dyes migrated to the lower third of the gel. An 

30 image of the pCWin2 vector digestion agarose gel was captured using a digital 
camera (Figure 3B). An image of the polyacrylamide gel containing the purified 
product from the digestion of malE is shown in Figure 3A. 

The linearized pCWin2 kan r and malE fragments were gel purified. 
Using the UV box to illuminate the DNA, the bands of DNA were excised using a 
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sterile scalpel. The pCWin2 kan r DNA was approximately 5 kb, and the malE gene 
was approximately 1.2 kb. The excised agarose wedges were placed into Ultrafree DA 
agarose extraction spinfilters (Millipore, Bellerica, MA), and microcentrifuged at 
10,000 xg for 5 minutes. The filtrates were transferred to YM-100 spinfilters 
5 (Millipore, Bellirica, MA), and the DNA was washed by adding 300 fil dH 2 0. The 
spinfilters were centrifuged at 500 xg for 15 minutes, and the wash step was repeated 
two additional times. The last wash step concentrated the DNA to an approximate 
volume of 25 jd, at which time the column was inverted into another autoclaved 1.7 
mL eppendorf tube. The DNA retentate was collected by microcentrifuging the 

10 eppendorf at lOOOxg for one minute. 

The ligation of gel purified malE and linearized pCWin2 kan r was 
performed in an autoclaved 0.5 mL eppendorf microcentrifuge tube. The ligation 
reaction included 7 fil of purified malE DNA that was digested with Ndel and BamHI, 
1 jLtl of linearized pCWin2 kan r that was digested with Ndel and BamHI, 1 fil 10X 

15 ligase buffer, 1 fil T4 DNA ligase. The ligation reaction was incubated at room 
temperature for three hours. In the vector control ligation reaction, dH 2 0 was 
substituted for the malE DNA. 

The ligation reactions were transformed into electrocompetent DH5a 
E.coli. After a three hour ligation incubation, one aliquot of electrocompetent DH5a 

20 E.coli was removed from a -81°C freezer, and placed on ice to thaw. 20 fil of the 
cells was aliqouted into chilled, autoclaved 1.7 mL microcentrifuge tubes, and then 
one microliter from each ligation reaction was added to the cells. Immediately, the 
reactions were transferred to chilled electroporation cuvettes. The cells were 
electroporated with a 2.5kV 6 msec pulse as described in the manufacturer's 

25 instructions. Then one milliliter of AFLB SOC media was added to the 

transformation reactions, and the entire volume was transferred to an autoclaved 1.7 
mL microcentrifuge tube. The transformation reactions were incubated at 37°C for 
one hour with shaking at 250 rpm. After incubating the cells for an hour, 100 fil 
from each transformation reaction was plated by spreading onto LB agar kan r plates. 

30 The plates were incubated at 37°C overnight. 

Results from the ligation and transformation reactions are as follows. 
The pCWin2 MBP vector plating resulted in thirteen colonies, and out of ten colonies 
selected, nine were positive for the recombinant vector. The pCWin2 vector control 
plating did not contain any colonies. Colonies from the pCWin2 MBP vector LB agar 
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plates were selected and used to inoculate 2 ml AFLB kan r . The starter cultures were 
grown overnight at 37°C, with shaking at 250 rpm. Plasmid DNA was isolated from 
the transformants and screened for the correct malE insert by a double digestion with 
Ndel and BamHI restriction endonucleases. 
5 Restriction digestion of miniprep DNA was conducted in a reaction 

mixture containing 12 /A Miniprep DNA, 1 fil Ndel endonuclease, 1 fil BamHI 
endonuclease, 1.5 fil lOXBamHI NEBuffer, and 1 fil 10X purified BS A. The 
digestion reactions were mixed and incubated at 37°C for one hour. After incubation, 
3 ill of 6x Agarose Gel Loading Dye was added to each restriction digestion. The 

10 restriction digestions were then loaded into the wells of a 0.7% agarose/TAE gel. The 
samples were electrophoresed at 135 volts until the dye migrated to the lower third of 
the gel. The gel was then removed from the gel box, and the image captured with a 
digital camera (Figure 3C). 

f Large scale purified pCWin2MBP vector DNA was isolated from 

15 transformant #1 using the HiSpeed Plasmid Maxi Kit (Qiagen, Valencia, CA). A 2 
mL AFLB kan r starter culture was inoculated with 10 fil pCWin2MBP DH5a E.coli 
overnight culture. This starter culture was grown overnight in a 37°C incubator, with 
shaking at 250 rpm. The overnight starter culture was used to inoculate two 125 mL 
AFLB kan r cultures, and these larger scale preps were grown overnight at 37°C with 

20 shaking at 250 rpm. DNA from the large scale preparation was used for sequencing of 
the malE insert subcloned between the Ndel and BamHI restriction sites (MWG 
Biotech, High Point, NC). The sequence of the vector is set forth in SEQ ID NO:3. 

Example 4: Preparation and Characterization of pCWin2-MBP-SBD3Q(pMSW) Vector 
25 The PMS39 Kan R expression vector was created from the pCWIN2- 

MBP- SBD-ST3 Gal m (GalBl,3(4)GlcNAc a2,3-Sialyltransferase) A73 construct, 
removing the the ST3 Gal in A73 gene and replacing it with the Multiple Cloning site 
(MCS) from the pcWIN2 vector. Selection was of final construct was determined by 
restriction enzyme analysis with Nde I and Xba I (there is no Xba I site the pCWIN2~ 
30 MBP-SBD ST3 Gal in construct) digestion and sequence confirmation. The final 
construct was designated the pCWin2-MBP-SBD (pMS 39 ) Kan r expression vector. 
The several steps of the preparation of this vector are detailed in Figures 7A-7G. 
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Example 5: Preparation and Characterization of the pC Win2-MEP-MCS -SBD 
(pMXS^ Vector 

The pCWin2-MBP-MCS-SBD (pMXS 3 9> expression vector was constructed 
according to the following method. The Starch Binding Domain (SBD) insert was 
5 isolated by PCR using the 5' primer ( XhoI-SBD-39-5' 

TGTATCCTCGAGATTGTGGCGACCGGCGGCACCAC) (SEQ ID NO: 12) and the 
3' primer (3' Sall-AAGCTTGTCGACTCATTAGCGCCAGGTATCGGTCACGG) 
(SEQ ID NO:13). The PCR products were gel purified and ligated into PCR-Blunt 
vector. The correct SBD insert (in the PCR-Blunt vector) was digested with Xhol and 
10 Sail, subcloned into Xhol -Sail digested pCWin2-MBP kan r vector, transformed into 
TBI cells and screened for the correct construct. The several steps of the preparation 
of this vector are detailed in Figures 8A-8E. 



The disclosures of each and every patent, patent application, and publication 
15 cited herein are hereby incorporated herein by reference in their entirety. While the 
invention has been disclosed with reference to specific embodiments, it is apparent 
that other embodiments and variations of this invention may be devised by others 
skilled in the art without departing from the true spirit and scope of the invention. 
The appended claims are intended to be construed to include all such embodiments 
20 and equivalent variations. 
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CLAIMS 

What is Claimed is: 

5 1. A method of providing a therapeutic protein to a customer, said 

method comprising cloning a nucleic acid encoding said protein into a pCWinl 
expression vector as set forth in SEQ ID NO:l, expressing said protein therefrom, and 
providing said protein to said customer. 

10 2. A method of providing a therapeutic protein to a customer, said 

method comprising cloning a nucleic acid encoding said protein into a pCWin2 
expression vector as set forth in SEQ ID NO:2, expressing said protein therefrom, and 
providing said protein to said customer. 

15 3. A method of providing a therapeutic protein to a customer, said 

method comprising cloning a nucleic acid encoding said protein into a nucleic acid 
vector selected from the group consisting of: 

a) a pCWin2/MBP expression vector as set forth in SEQ ID NO:3; 

b) a pCWin2-MBP-SBD (PMS39) expression vector as set forth in 
20 SEQ ID NO: 10; and 

c) a pCWin2-MBP-MCS-SBD (pMXS 39 ) expression vector as set 
forth in SEQIDNO:ll; 

expressing said protein therefrom, and providing said protein to said 

customer. 

25 

4. The method of claim 3, wherein said nucleic acid vector 
comprises a protease cleavage site coding sequence at a location selected from the 
group consisting of: 

a) between the MBP coding sequence and the therapeutic protein 
30 coding sequence; and 

b) immediately prior to the start of the C -terminus of the MBP 
coding sequence. 
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5. The method of claim 2 or 3, wherein said protein is selected 
from the group consisting of erythropoietin, human growth hormone, granulocyte 
colony stimulating factor, interferons alpha, -beta, and -gamma, Factor IX, follicle 
stimulating hormone, interleukin-2, erythropoietin, anti-TNF-alpha, and a lysosomal 

5 hydrolase. 

6. The method of claim 5, wherein said lysosomal hydrolase is 
selected from the group consisting of beta-glucosidase, alpha-galactosidase-A, beta- 
hexosaminidase, beta-galactosidase, alpha-galactosidase, alpha-mannosidase, beta- 

10 mannosidase, alpha-L-fucosidase, beta-glucuronidase, alpha-glucosidase, alpha-N- 
acetylgalactosaminidase, and acid phosphatase. 

7. A method of providing a protein to a customer, said method 
comprising cloning a nucleic acid encoding said protein into a pCWinl expression 

15 vector as set forth in SEQ ID NO:l, expressing said protein therefrom, and providing 
said protein to said customer. 

8. A method of providing a protein to a customer, said method 
comprising cloning a nucleic acid encoding said protein into a pCWin2 expression 

20 vector as set forth in SEQ ID NO:2, expressing said protein therefrom, and providing 
said protein to said customer. 

9. A method of providing a protein to a customer, said method 
comprising cloning a nucleic acid encoding said protein into a nucleic acid vector 

25 selected from the group consisting of: 

a) a pCWin2/MBP expression vector as set forth in SEQ ID NO:3; 

b) a pCWin2-MBP-SBD (pMS 3 c>) expression vector as set forth in 
SEQ ID NO: 10; and 

c) a pCWin2-MBP-MCS-SBD (pMXS 3 9) expression vector as set 
30 forthinSEQIDNO:ll; 

expressing said protein therefrom, and providing said protein to said 

customer. 
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10. The method of claim 7, 8 or 9, wherein said protein is selected 
from the group consisting of a glycosyltransferase and a sugar nucleotide-generating 
enzyme. 

5 1 1 . A method of providing a protein to a customer, said method 

comprising providing a pCWinl vector as set forth in SEQ ID NO:l to a protein 
production facility, wherein a nucleic acid encoding said protein is cloned into said 
expression vector and said protein is expressed therefrom in said protein production 
facility, and providing said protein to said customer. 

10 

12. A method of providing a protein to a customer, said method 
comprising providing a pCWin2 vector as set forth in SEQ ID NO: 2 to a protein 
production facility, wherein a nucleic acid encoding said protein is cloned into said 
expression vector and said protein is expressed therefrom in said protein production 

15 facility, and providing said protein to said customer. 

13. A method of providing a protein to a customer, said method 
comprising providing a nucleic acid vector selected from the group consisting of: 

a) a pCWin2/MBP expression vector as set forth in SEQ ID NO: 3; 
20 b) a pCWin2~MBP-SBD (pMS 39 ) expression vector as set forth in 

SEQ ID NO: 10; and 

c) a pCWin2-MBP-MCS-SBD (pMXS 3 9> expression vector as set 
forth in SEQIDNO:ll; 

to a protein production facility, wherein a nucleic acid encoding said 
25 protein is cloned into said expression vector and said protein is expressed therefrom in 
said protein production facility, and providing said protein to said customer. 

14. The method of claim 2, 3, 4, 7, 8 or 9, wherein said method 
further comprises prior to providing said protein to said customer, at least one 

30 glycosyl moiety is added to said protein. 

15. The method of claim 14, wherein said glycosyl moiety is added 
to said protein in vitro. 
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16. A method of providing a protein to a customer, said method 
comprising cloning a nucleic acid encoding said protein into nucleic acid vector 
selected from the group consisting of: 

a) a pCWinl vector as set forth in SEQ ID NO: 1 ; 



NO: 10; and 

, e) a pCWin2-MBP-MCS-SBD (pMXS 39 ) vector as set forth in 
10 SEQIDNO:ll; 

further wherein said method comprises inserting said vector into a 
bacterial host cell, expressing said protein in said host cell, and providing said protein 
to said customer. 

15 17. The method of claim 16, wherein said method further 

comprises prior to providing said protein to said customer, at least one glycosyl 
moiety is added to said protein. 

18. The method of claim 16, wherein said glycosyl moiety is 
20 added to said protein in vitro. 

19. The method of claim 16, wherein said expression vector further 
comprises an affinity tag coding sequence. 

25 20. An isolated pcWINl expression vector comprising the 

sequence set forth in SEQ ID NO:l. 

21 . An isolated pcWINl expression vector consisting of the 
sequence set forth in SEQ ID NO:l. 

30 

22. An isolated pcWIN2 expression vector comprising the 
sequence set forth in SEQ ID NO:2. 



5 



b) 
c) 
d) 



a pCWin2 vector as set forth in SEQ ID NO:2; 

a pCWin2/MBP vector as set forth in SEQ ID NO:3; 

a pCWin2-MBP-SBD (pMS 39 ) vector as set forth in SEQ ID 
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23. An isolated pcWIN2 expression vector consisting of the 
sequence set forth in SEQ ID NO:2. 

24. An isolated pcWIN2/MBP expression vector comprising the 
5 sequence set forth in SEQ ID NO:3. 

25. An isolated pcWIN2/MBP expression vector consisting of the 
sequence set forth in SEQ ID NO:3. 

10 26. The pcWIN2/MBP expression vector of claim 24, wherein the 

pCWIN2/MBP vector comprises a protease cleavage site coding sequence adjacent to 
the MBP coding sequence. 

27. An isolated pCWin2-MBP-SBD (pMS 39 ) vector comprising the 
15 sequence set forth in SEQ ID NO: 10. 

28. An isolated pCWin2-MBP-SBD (pMS 39 ) vector consisting of 
the sequence set forth in SEQ ID NO: 10. 

20 29. An isolated pCWin2-MBP-MCS-SBD (pMXS 39 ) vector 

comprising the sequence set forth in SEQ ID NO: 11. 

30. An isolated pCWin2-MBP-MCS-SBD (pMXS 39 ) vector 
consisting of the sequence set forth in SEQ ID NO:l 1. 

25 

3 1 . The pCWin2-MBP-SBD (pMS 3 9) expression vector of claim 
27, wherein the pCWin2-MBP-SBD (pMS 39 ) vector comprises a protease cleavage 
site coding sequence immediately prior to the start of the C-terminus of the MBP 
coding sequence. 

30 

32. A method of expressing a protein, said method comprising 
cloning a nucleic acid encoding said protein into a pCWinl expression vector as set 
forth in SEQ ID NO:l and expressing said protein therefrom. 
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10 



33. A method of expressing a protein, said method comprising 
cloning a nucleic acid encoding said protein into a pCWin2 expression vector as set 
forth in SEQ ID NO:2 and expressing said protein therefrom. 

34. A method of expressing a protein, said method comprising 
cloning a nucleic acid encoding said protein into a nucleic acid vector selected from 
the group consisting of: 



SEQ ID NO: 10; and 

c) a pCWin2-MBP-MCS-SBD (pMXS 3 9) expression vector as set 
forth in SEQIDNO:ll; 

and expressing said protein therefrom. 

35. The method of any one of claims 32-34, wherein said protein is 
expressed in a prokaryotic cell. 



a) 
b) 



a pCWin2/MBP expression vector as set forth in SEQ ID NO:3; 
a pCWin2-MBP-SBD (PMS39) expression vector as set forth in 
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gcatcgtggtgtcacgctcgtcgtttggtatggcttcattcagctccggttcccaacgatca 
aggcgagttacatgatcccccatgttgtgcaaaaaagcggttagctccttcggtcctccgat 
cggggggggggggaaagccacgttgtgtctcaaaatctctgatgttacattgcacaagataa 
aaatatatcatcatgaacaataaaactgtctgcttacataaacagtaatacaaggggtgtta 
tgagccatattcaacgggaaacgtcttgctccaggccgcgattaaattccaacatggatgct 
gatttatatgggtataaatgggctcgcgataatgtcgggcaatcaggtgcgacaatctatcg 
actgtatgggaagcccgatgcgccagagttgtttctgaaacatggcaaaggtagcgttgcca 
atgatgttacagatgagatggtcagactaaactggctgacggaatttatgcctcttccgacc 
atcaagcattttatccgtactcctgatgatgcatggttactcaccactgcgatccccgggaa 
aacagcattccaggtattagaagaatatcctgattcaggtgaaaatattgttgatgcgctgg 
cagtgttcctgcgccggttgcattcgattcctgtttgtaattgtccttttaacagcgatcgc 
gtatttcgtctcgctcaggcgcaatcacgaatgaataacggtttggttgatgcgagtgattt 
tgatgacgagcgtaatggctggcctgttgaacaagtctggaaagaaatgcataagctattgc 
cattctcaccggattcagtcgtcactcatggtgatttctcacttgataaccttatttttgac 
gaggggaaattaataggttgtattgatgttggacgagtcggaatcgcagaccgataccagga 
tcttgccatcctatggaactgcctcggtgagttttctccttcattacagaaacggctttttc 
aaaaatatggtattgataatcctgatatgaataaattgcagtttcatttgatgctcgatgag 
tttttctaaagtactactcttcctttttcaatattattgaagcatttatcagggttattgtc 
tcatgagcggatacatatttgaatgtatttagaaaaataaacaaataggggttccgcgcaca 
tttccccgaaaagtgccacctgacgatgaaattgtaaacgttaatattttgttaaaattcgc 
gttaaatttttgttaaatcagctcattttttaaccaataggccgaaatcggcaaaatccctt 
ataaatcaaaagaatagcccgagatagggttgagtgttgttccagtttggaacaagagtcca 
ctattaaagaacgtggactccaacgtcaaagggcgaaaaaccgtctatcagggcgatggccc 
actacgtgaaccatcacccaaatcaagttttttggggtcgaggtgccgtaaagctctaaatc 
ggaaccctaaagggagcccccgatttagagcttgacggggaaagccggcgaacgtggcgaga 
aaggaagggaagaaagcgaaaggagcgggcgctagggcgctggcaagtgtagcggtcacgct 
gcgcgtaaccaccacacccgccgcgcttaatgcgccgctacagggcgcgtactatggttgct 
ttgacgcatcgtctaagaaaccattattatcatgacattaacctataaaaataggcgtatca 
cgaggccctttcgtcttcaagcagatctgaaaaaaaagcccgctcattaggcgggctcagat 
ctgctcatgtttgacagcttatcatcgatgtcgacggtaccgaattcctcgagtctagaaag 
cttgagctcggatcccatatgacctcctaagcatcgatggatcctgtttcctgtgtgaaatt 
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gttatccgctcacaattccacacattatacgagccgatgattaattgtcaacagggggatgg 
ggagtaagctgatcctgtttcctgtgtgaaattgttatccgctcacaattccacacattata 
cgagccgatgattaattgtcaacagggggatggggagtaagctcatcgatggatcgatcctg 
tttcctgtgtgaaattgttatccgctcacaattccacacattatacgagccggaagcataaa 
gtgtaaagcctggggtgcctaatgagtgagctaacttacattaattgcgttgcgctcactgc 
ccgctttccagtcgggaaacctgtcgtgccaggacaccatcgaatggtgcaaaacctttcgc 
ggtatggcatgatagcgcccggaagagagtcaattcagggtggtgaatgtgaaaccagtaac 
gttafcacgatgtcgcagagtatgccggtgtctcttatcagaccgtttcccgcgtggtgaacc 
aggccagccacgtttctgcgaaaacgcgggaaaaagtggaagcggcgatggcggagctgaat 
tacattcccaaccgcgtggcacaacaactggcgggcaaacagtcgttgctgattggcgttgc 
cacctccagtctggccctgcacgcgccgtcgcaaattgtcgcggcgattaaatctcgcgccg 
atcaactgggtgccagcgtggtggtgtcgatggtagaacgaagcggcgtcgaagcctgtaaa 
gcggcggtgcacaatcttctcgcgcaacgcgtcagtgggctgatcattaactatccgctgga 
tgaccaggatgccattgctgtggaagctgcctgcactaatgttccggcgttatttcttgatg 
tctctgaccagacacccatcaacagtattattttctcccatgaagacggtacgcgactgggc 
gtggagcatctggtcgcattgggtcaccagcaaatcgcgctgttagcgggcccattaagttc 
tgtctcggcgcgtctgcgtctggdtggctggcataaatatctcactGgcaatcaaattcagc 
cgatagcggaacgggaaggcgactggagtgccatgtccggttttcaacaaaccatgcaaatg 
ctgaatgagggcatcgttcccactgcgatgctggttgccaacgatcagatggcgctgggcgc 
aatgcgcgccattaccgagtccgggctgcgcgttggtgcggatatctcggtagtgggatacg 
acgataccgaagacagctcatgttatatcccgccgttaaccaccatcaaacaggattttcgc 
ctgctggggcaaaccagcgtggaccgcttgctgcaactctctcagggccaggcggtgaaggg 
caatcagctgttgcccgtctcactggtgaaaagaaaaaccaccctggcgcccaatacgcaaa 
ccgcctctccccgcgcgttggccgattcattaatgcagctggcacgacaggtttcccgactg 
gaaagcgggcagtgagcgcaacgcaattaatgtaagttagctcactcattaggcaccccagg 
ctttacactttatgcttccggctcgtatggcgtttcggtgatgacggtgaaaacctctgaca 
catgcagctcccggagacggtcacagcttgtctgtaagcggatgccgggagcagacaagccc 
gtcagggcgcgtcagcgggtgttggcgggtgtcggggcgcagccatgacccagtcacgtagc 
gatagcggagtgtatactggcttaactatgcggcatcagagcagattgtactgagagtgcac 
cattatgcggtgtgaaataccgcacagatgcgtaaggagaaaataccgcatcaggcgctctt 
ccgcttcctcgctcactgactcgctgcgctcggtcgttcggctgcggcgagcggtatcagct 
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cactcaaaggcggtaatacggttatccacagaatcaggggataacgcaggaaagaacatgtg 

agcaaaaggccagcaaaaggccaggaaccgtaaaaaggccgcgttgctggcgtttttccata 

ggctccgcccccctgacgagcatcacaaaaatcgacgctcaagtcagaggtggcgaaacccg 

acaggactataaagataccaggcgtttccccctggaagctccctcgtgcgctctcctgttcc 

gaccctgccgcttaccggatacctgtccgcctttctcccttcgggaagcgtggcgctttctc 

atagctcacgctgtaggtatctcagttcggtgtaggtcgttcgctccaagctgggctgtgtg 

cacgaaccccccgttcagcccgaccgctgcgccttatccggtaactatcgtcttgagtccaa 

cccggtaagacacgacttatcgccactggcagcagccactggtaacaggattagcagagcga 

ggtatgtaggcggtgctacagagttcttgaagtggtggcctaactacggctacactagaagg 

acagtatttggtatctgcgctctgctgaagccagttaccttcggaaaaagagttggtagctc 

ttgatccggcaaacaaaccaccgctggtagcggtggtttttttgtttgcaagcagcagatta 

cgcgcagaaaaaaaggatctcaagaagatcctttgatcttttctacggggtctgacgctcag 

tggaacgaaaactcacgttaagggattttggtcatgagattatcaaaaaggatcttcaccta 

gatccttttaaattaaaaatgaagttttaaatcaatctaaagtatatatgagtaaacttggt 

ctgacagttaccaatgcttaatcagtgaggcacctatctcagcgatctgtctatttcgttca 

tccatagttgcctgactccccgtcgtgtagataactacgatacgggagggcttaccatctgg 

ccccagtgctgcaatgatacGgcgagacccacgctcaccggctccagatttatcagcaataa 

accagccagccggaagggccgagcgcagaagtggtcctgcaactttatccgcctccatccag 

tctattaattgttgccgggaagctagagtaagtagttcgccagttaatagtttgcgcaacgt 

tgttgccattgctgcag 



FIG. 4C 



WO 2005/067601 



PCT/US2005/000302 



11/22 

gcatcgtggtgtcacgctcgtcgtttggtatggcttcattcagctccggttcccaacgatca 
aggcgagttacatgatcccccatgttgtgcaaaaaagcggttagctccttcggtcctccgat 
cggggggggggggaaagccacgttgtgtctcaaaatctctgatgttacattgcacaagataa 
aaatatatcatcatgaacaataaaactgtctgcttacataaacagtaatacaaggggtgtta 
tgagccatattcaacgggaaacgtcttgctccaggccgcgattaaattccaacatggatgct 
gatttatatgggtataaatgggctcgcgataatgtcgggcaatcaggtgcgacaatctatcg 
actgtatgggaagcccgatgcgccagagttgtttctgaaacatggcaaaggtagcgttgcca 
atgatgttacagatgagatggtcagactaaactggctgacggaatttatgcctcttccgacc 
atcaagcattttatccgtactcctgatgatgcatggttactcaccactgcgatccccgggaa 
aacagcattccaggtattagaagaatatcctgattcaggtgaaaatattgttgatgcgctgg 
cagtgttcctgcgccggttgcattcgattcctgtttgtaattgtccttttaacagcgatcgc 
gtatttcgtctcgctcaggcgcaatcacgaatgaataacggtttggttgatgcgagtgattt 
tgatgacgagcgtaatggctggcctgttgaacaagtctggaaagaaatgcataagctattgc 
cattctcaccggattcagtcgtcactcatggtgatttctcacttgataaccttatttttgac 
gaggggaaattaataggttgtattgatgttggacgagtcggaatcgcagaccgataccagga 
tcttgccatcctatggaactgcctcggtgagttttctccttcattacagaaacggctttttc 
aaaaatatggtattgataatcctgatatgaataaattgcagtttcatttgatgctcgatgag 
tttttctaaagtactactcttcctttttcaatattattgaagcatttatcagggttattgtc 
tcatgagcggatacatatttgaatgtatttagaaaaataaacaaataggggttccgcgcaca 
tttccccgaaaagtgccacctgacgatgaaattgtaaacgttaatattttgttaaaattcgc 
gttaaatttttgttaaatcagctcattttttaaccaataggccgaaatcggcaaaatccctt 
ataaatcaaaagaatagcccgagatagggttgagtgttgttccagtttggaacaagagtcca 
ctattaaagaacgtggactccaacgtcaaagggcgaaaaaccgtctatcagggcgatggccc 
actacgtgaaccatcacccaaatcaagttttttggggtcgaggtgccgtaaagctctaaatc 
ggaaccctaaagggagcccccgatttagagcttgacggggaaagccggcgaacgtggcgaga 
aaggaagggaagaaagcgaaaggagcgggcgctagggcgctggcaagtgtagcggtcacgct 
gcgcgtaaccaccacacccgccgcgcttaatgcgccgctacagggcgcgtactatggttgct 
ttgacgcatcgtctaagaaaccattattatcatgacattaacctataaaaataggcgtatca 
cgaggccctttcgtcttcaagcagatctgaaaaaaaagcccgctcattaggcgggctcagat 
ctgctcatgtttgacagcttatcatcgatgtcgacggtaccgaattcctcgagtctagaaag 
cttgagctcggatcccatatgacctcctaagcatcgatagatcctgtttcctgtgtgaaatt 
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gttatccgctcacaattccacacattatacgagccgatgattaattgtcaacagggggatgg 

ggagtaagctgatcctgtttcctgtgtgaaattgttatccgctcacaattccacacattata 

cgagccgatgattaattgtcaacagggggatggggagtaagctcatcgatggatcgatcctg 

tttcctgtgtgaaattgttatccgctcacaattccacacattatacgagccggaagcataaa 

gtgtaaagcctggggtgcctaatgagtgagctaacttacattaattgcgttgcgctcactgc 

ccgctttccagtcgggaaacctgtcgtgccaggacaccatcgaatggtgcaaaacctttcgc 

ggtatggcatgatagcgcccggaagagagtcaattcagggtggtgaatgtgaaaccagtaac 

gttatacgatgtcgcagagtatgccggtgtctcttatcagaccgtttcccgcgtggtgaacc 

aggccagccacgtttctgcgaaaacgcgggaaaaagtggaagcggcgatggcggagctgaat 

tacattcccaaccgcgtggcacaacaactggcgggcaaacagtcgttgctgattggcgttgc 

cacctccagtctggccctgcacgcgccgtcgcaaattgtcgcggcgattaaatctcgcgccg 

atcaactgggtgccagcgtggtggtgtcgatggtagaacgaagcggcgtcgaagcctgtaaa 

gcggcggtgcacaatcttctcgcgcaacgcgtcagtgggctgatcattaactatccgctgga 

tgaccaggatgccattgctgtggaagctgcctgcactaatgttccggcgttatttcttgatg 

tctctgaccagacacccatcaacagtattattttctcccatgaagacggtacgcgactgggc 

gtggagcatctggtcgcattgggtcaccagcaaatcgcgctgttagcgggcccattaagttc 

tgtctcggcgcgtctgcgtctggctggctggcataaatatctcactcgcaatcaaattcagc 

cgatagcggaacgggaaggcgactggagtgccatgtccggttttcaacaaaccatgcaaatg 

ctgaatgagggcatcgttcccactgcgatgctggttgccaacgatcagatggcgctgggcgc 

aatgcgcgccattaccgagtccgggctgcgcgttggtgcggatatctcggtagtgggatacg 

acgataccgaagacagctcatgttatatcccgccgttaaccaccatcaaacaggattttcgc 

ctgctggggcaaaccagcgtggaccgcttgctgcaactctctcagggccaggcggtgaaggg 

caatcagctgttgcccgtctcactggtgaaaagaaaaaccaccctggcgcccaatacgcaaa 

ccgcctctccccgcgcgttggccgattcattaatgcagctggcacgacaggtttcccgactg 

gaaagcgggcagtgagcgcaacgcaattaatgtaagttagctcactcattaggcaccccagg 

ctttacactttatgcttccggctcgtatggcgtttcggtgatgacggtgaaaacctctgaca 

catgcagctcccggagacggtcacagcttgtctgtaagcggatgccgggagcagacaagccc 

gtcagggcgcgtcagcgggtgttggcgggtgtcggggcgcagccatgacccagtcacgtagc 

gatagcggagtgtatactggcttaactatgcggcatcagagcagattgtactgagagtgcac 

cattatgcggtgtgaaataccgcacagatgcgtaaggagaaaataccgcatcaggcgctctt 

ccgcttcctcgctcactgactcgctgcgctcggtcgttcggctgcggcgagcggtatcagct 
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cactcaaaggcggtaatacggttatccacagaatcaggggataacgcaggaaagaacatgtg 
agcaaaaggccagcaaaaggccaggaaccgtaaaaaggccgcgttgctggcgtttttccata 
ggctccgcccccctgacgagcatcacaaaaatcgacgctcaagtcagaggtggcgaaacccg 
acaggactataaagataccaggcgtttccccctggaagctccctcgtgcgctctcctgttcc 
gaccctgccgcttaccggatacctgtccgcctttctcccttcgggaagcgtggcgctttctc 
atagctcacgctgtaggtatctcagttcggtgtaggtcgttcgctccaagctgggctgtgtg 
cacgaaccccccgttcagcccgaccgctgcgccttatccggtaactatcgtcttgagtccaa 
cccggtaagacacgacttatcgccactggcagcagccactggtaacaggattagcagagcga 
ggtatgtaggcggtgctacagagttcttgaagtggtggcctaactacggctacactagaagg 
acagtatttggtatctgcgctctgctgaagccagttaccttcggaaaaagagttggtagctc 
ttgatccggcaaacaaaccaccgctggtagcggtggtttttttgtttgcaagcagcagatta 
cgcgcagaaaaaaaggatctcaagaagatcctttgatcttttctacggggtctgacgctcag 
tggaacgaaaactcacgttaagggattttggtcatgagattatcaaaaaggatcttcaccta 
gatccttttaaattaaaaatgaagttttaaatcaatctaaagtatatatgagtaaacttggt 
ctgacagttaccaatgcttaatcagtgaggcacctatctcagcgatctgtctatttcgttca 
tccatagttgcctgactccccgtcgtgtagataactacgatacgggagggcttaccatctgg 
ccccagtgctgcaatgataccgcgagacccacgctcaccggctccagatttatcagcaataa 
accagccagccggaagggccgagcgcagaagtggtcctgcaactttatccgcctccatccag 
tctattaattgttgccgggaagctagagtaagtagttcgccagttaatagtttgcgcaacgt 
tgttgccattgctgcag 
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gcatcgtggtgtcacgctcgtcgtttggtatggcttcattcagctccggttcccaacgatca 
aggcgagttacatgatcccccatgttgtgcaaaaaagcggttagctccttcggtcctccgat 
cggggggggggggaaagccacgttgtgtctcaaaatctctgatgttacattgcacaagataa 
aaatatatcatcatgaacaataaaactgtctgcttacataaacagtaatacaaggggtgtta 
tgagccatattcaacgggaaacgtcttgctccaggccgcgattaaattccaacatggatgct 
gatttatatgggtataaatgggctcgcgataatgtcgggcaatcaggtgcgacaatctatcg 
actgtatgggaagcccgatgcgccagagttgtttctgaaacatggcaaaggtagcgttgcca 
atgatgttacagatgagatggtcagactaaactggctgacggaatttatgcctcttccgacc 
atcaagcattttatccgtactcctgatgatgcatggttactcaccactgcgatccccgggaa 
aacagcattccaggtattagaagaatatcctgattcaggtgaaaatattgttgatgcgctgg 
cagtgttcctgcgccggttgcattcgattcctgtttgtaattgtccttttaacagcgatcgc 
gtatttcgtctcgctcaggcgcaatcacgaatgaataacggtttggttgatgcgagtgattt 
tgatgacgagcgtaatggctggcctgttgaacaagtctggaaagaaatgcataagctattgc 
cattctcaccggattcagtcgtcactcatggtgatttctcacttgataaccttatttttgac 
gaggggaaattaataggttgtattgatgttggacgagtcggaatcgcagaccgataccagga 
tcttgccatcctatggaactgcctcggtgagttttctccttcattacagaaacggctttttc 
aaaaatatggtattgataatcctgatatgaataaattgcagtttcatttgatgctcgatgag 
tttttctaaagtactactcttcctttttcaatattattgaagcatttatcagggttattgtc 
tcatgagcggatacatatttgaatgtatttagaaaaataaacaaataggggttccgcgcaca 
tttccccgaaaagtgccacctgacgatgaaattgtaaacgttaatattttgttaaaattcgc 
gttaaatttttgttaaatcagctcattttttaaccaataggccgaaatcggcaaaatccctt 
ataaatcaaaagaatagcccgagatagggttgagtgttgttccagtttggaacaagagtcca 
ctattaaagaacgtggactccaacgtcaaagggcgaaaaaccgtctatcagggcgatggccc 
actacgtgaaccatcacccaaatcaagttttttggggtcgaggtgccgtaaagctctaaatc 
ggaaccctaaagggagcccccgatttagagcttgacggggaaagccggcgaacgtggcgaga 
aaggaagggaagaaagcgaaaggagcgggcgctagggcgctggcaagtgtagcggtcacgct 
gcgcgtaaccaccacacccgccgcgcttaatgcgccgctacagggcgcgtactatggttgct 
ttgacgcatcgtctaagaaaccattattatcatgacattaacctataaaaataggcgtatca 
cgaggccctttcgtcttcaagcagatctgaaaaaaaagcccgctcattaggcgggctcagat 
ctgctcatgtttgacagcttatcatcgatgtcgacggtaccgaattcctcgagtctagaaag 
cttgagctcggatccgaattctgaaatccttccctcgatcccgaggttgttgttattgttat 
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tgttgttgttgttcgagctcgaattagtctgcgcgtctttcagggcttcatcgacagtctga 
cgaccgctggcggcgttgatcaccgcagtacgcacggcataccagaaagcggacatctgcgg 
gatgttcggcatgatttcacctttctgggcgttttccatagtggcggcaatacgtggatctt 
tcgccaactcttcctcgtaagacttcagcgctacggcacccagcggtttgtctttattaacc 
gcttccagaccttcatcagtcagcagatagttttcgaggaactcttttgccagctctttgtt 
cggactggcggcgttaatacctgcgctcagcacgccaacgaacggtttggatggttgaccct 
tgaaggtcggcagtaccgttacaccataattcactttgctggtgtcgatgttggaccatgcc 
cacgggccgttgatggtcatcgctgtttcgcctttattaaaggcagcttctgcgatggagta 
atcggtgtctgcattcatgtgtttgtttttaatcaggtcaaccaggaaggtcagacccgctt 
tcgcgccagcgttatccacgcccacgtctttaatgtcgtacttgccgttttcatacttgaac 
gcataacccccgtcagcagcaatcagcggccaggtgaagtacggttcttgcaggttgaacat 
cagcgcgctcttacctttcgctttcagttctttatccagcgccgggatctcttcccaggttt 
ttggcgggttcggcagcagatctttgttataaatcagcgataacgcttcaacagcgatcggg 
taagcaatcagcttgccgttgtaacgtacggcatcccaggtaaacggatacagcttgtcctg 
gaacgctttgtccggggtgatttcagccaacaggccagattgagcgtagccaccaaagcggt 
cgtgtgcccagaagataatgtcagggccatcgccagttgccgcaacctgtgggaatttctct 
tccagtttatccggatgctcaacggtgactttaattccggtatctttctcgaatttcttacc 
gacttcagcgagaccgttatagcctttatcgccgttaatccagattaccagtttaccttctt 
cgattttcatatgacctcctaagcatcgatagatcctgtttcctgtgtgaaattgttatccg 
ctcacaattccacacattatacgagccgatgattaattgtcaacagggggatggggagtaag 
ctgatcctgtttcctgtgtgaaattgttatccgctcacaattccacacattatacgagccga 
tgattaattgtcaacagggggatggggagtaagctcatcgatggatcgatcctgtttcctgt 
gtgaaattgttatccgctcacaattccacacattatacgagccggaagcataaagtgtaaag 
cctggggtgcctaatgagtgagctaacttacattaattgcgttgcgctcactgcccgctttc 
cagtcgggaaacctgtcgtgccaggacaccatcgaatggtgcaaaacctttcgcggtatggc 
atgatagcgcccggaagagagtcaattcagggtggtgaatgtgaaaccagtaacgttatacg 
atgtcgcagagtatgccggtgtctcttatcagaccgtttcccgcgtggtgaaccaggccagc 
cacgtttctgcgaaaacgcgggaaaaagtggaagcggcgatggcggagctgaattacattcc 
caaccgcgtggcacaacaactggcgggcaaacagtcgttgctgattggcgttgccacctcca 
gtctggccctgcacgcgccgtcgcaaattgtcgcggcgattaaatctcgcgccgatcaactg 
ggtgccagcgtggtggtgtcgatggtagaacgaagcggcgtcgaagcctgtaaagcggcggt 
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gcacaatcttctcgcgcaacgcgtcagtgggctgatcattaactatccgctggatgaccagg 

atgccattgctgtggaagctgcctgcactaatgttccggcgttatttcttgatgtctctgac 

cagacacccatcaacagtattattttctcccatgaagacggtacgcgactgggcgtggagca 

tctggtcgcattgggtcaccagcaaatcgcgctgttagcgggcccattaagttctgtctcgg 

cgcgtctgcgtctggctggctggcataaatatctcactcgcaatcaaattcagccgatagcg 

gaacgggaaggcgactggagtgccatgtccggttttcaacaaaccatgcaaatgctgaatga 

gggcatcgttcccactgcgatgctggttgccaacgatcagatggcgctgggcgcaatgcgcg 

ccattaccgagtccgggctgcgcgttggtgcggatatctcggtagtgggatacgacgatacc 

gaagacagctcatgttatatcccgccgttaaccaccatcaaacaggattttcgcctgctggg 

gcaaaccagcgtggaccgcttgctgcaactctctcagggccaggcggtgaagggcaatcagc 

tgttgcccgtctcactggtgaaaagaaaaaccaccctggcgcccaatacgcaaaccgcctct 

ccccgcgcgttggccgattcattaatgcagctggcacgacaggtttcccgactggaaagcgg 

gcagtgagcgcaacgcaattaatgtaagttagctcactcattaggcaccccaggctttacac 

tttatgcttccggctcgtatggcgtttcggtgatgacggtgaaaacctctgacacatgcagc 

tcccggagacggtcacagcttgtctgtaagcggatgccgggagcagacaagcccgtcagggc 

gcgtcagcgggtgttgg.cgggtgtcggggcgcagccatgacccagtcacgtagcgatagcgg 

agtgtatactggcttaactatgcggcatcagagcagattgtactgagagtgcaccattatgc 

ggtgtgaaataccgcacagatgcgtaaggagaaaataccgcatcaggcgctcttccgcttcc 

tcgctcactgactcgctgcgctcggtcgttcggctgcggcgagcggtatcagctcactcaaa 

ggcggtaatacggttatccacagaatcaggggataacgcaggaaagaacatgtgagcaaaag 

gccagcaaaaggccaggaaccgtaaaaaggccgcgttgctggcgtttttccataggctccgc 

ccccctgacgagcatcacaaaaatcgacgctcaagtcagaggtggcgaaacccgacaggact 

ataaagataccaggcgtttccccctggaagctccctcgtgcgctctcctgttccgaccctgc 

cgcttaccggatacctgtccgcctttctcccttcgggaagcgtggcgctttctcatagctca 

cgctgtaggtatctcagttcggtgtaggtcgttcgctccaagctgggctgtgtgcacgaacc 

ccccgttcagcccgaccgctgcgccttatccggtaactatcgtcttgagtccaacccggtaa 

gacacgacttatcgccactggcagcagccactggtaacaggattagcagagcgaggtatgta 

ggcggtgctacagagttcttgaagtggtggcctaactacggctacactagaaggacagtatt 

tggtatctgcgctctgctgaagccagttaccttcggaaaaagagttggtagctcttgatccg 

gcaaacaaaccaccgctggtagcggtggtttttttgtttgcaagcagcagattacgcgcaga 

aaaaaaggatctcaagaagatcctttgatcttttctacggggtctgacgctcagtggaacga 
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aaactcacgttaagggattttggtcatgagattatcaaaaaggatcttcacctagatccttt 
taaattaaaaatgaagttttaaatcaatctaaagtatatatgagtaaacttggtctgacagt 
taccaatgcttaatcagtgaggcacctatctcagcgatctgtctatttcgttcatccatagt 
tgcctgactccccgtcgtgtagataactacgatacgggagggcttaccatctggccccagtg 
ctgcaatgataccgcgagacccacgctcaccggctccagatttatcagcaataaaccagcca 
gccggaagggccgagcgcagaagtggtcctgcaactttatccgcctccatccagtctattaa 
ttgttgccgggaagctagagtaagtagttcgccagttaatagtttgcgcaacgttgttgcca 
ttgctgcag 



FIG. 6D 
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Fig. 7F 
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gcatcgtggt 
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tcgtttggta 


tggcttcatt 
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tcccaacgat 
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caaggcgagt 


tacatgatcc 


cccatgttgt 


gcaaaaaagc 
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ttcggtcctc 
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cgatcggggg 


gggggggaaa 


gccacgttgt 


gtctcaaaat 


ctctgatgtt 


acattgcaca 
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agataaaaat 


atatcatcat 


gaacaataaa 


actgtctgct 


tacataaaca 
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gggtgttatg 
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gatttatatg 
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cgactgtatg 
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tatgcctctt 
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agcattttat 


ccgtactcct 
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cactgcgatc 


cccgggaaaa 


cagcattcca 


ggtattagaa 


gaatatcctg 
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aaatattgtt 


gatgcgctgg 


cagtgttcct 


gcgccggttg 


cattcgattc 


ctgtttgtaa 


660 


ttgtcctttt 


aacagcgatc 


gcgtatttcg 


tctcgctcag 


gcgcaatcac 


gaatgaataa 
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cggtttggtt 


gatgcgagtg 


attttgatga 


cgagcgtaat 


ggctggcctg 


ttgaacaagt 


780 


ctggaaagaa 


atgcataagc 


tattgccatt 


ctcaccggat 


tcagtcgtca 


ctcatggtga 
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tttctcactt 


gataacctta 


tttttgacga 


ggggaaatta 


ataggttgta 


ttgatgttgg 
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acgagtcgga 


atcgcagacc 


gataccagga 


tcttgccatc 


ctatggaact 


gcctcggtga 


960 


gttttctcct 


tcattacaga 


aacggctttt 


tcaaaaatat 


ggtattgata 


atcctgatat 


1020 


gaataaattg 


cagtttcatt 


tgatgctcga 


tgagtttttc 


taaagtacta 


ctcttccttt 


1080 


ttcaatatta 


ttgaagcatt 


tatcagggtt 


attgtctcat 


gagcggatac 


atatttgaat 


1140 


gtatttagaa 


aaataaacaa 


ataggggttc 


cgcgcacatt 


tccccgaaaa 


gtgccacctg 


1200 


acgatgaaat 


tgtaaacgtt 


aatattttgt 


taaaattcgc 


gttaaatttt 


tgttaaatca 


1260 


gctcattttt 


taaccaatag 


gccgaaatcg 


gcaaaatccc 


ttataaatca 


aaagaatagc 


1320 


ccgagatagg 


gttgagtgtt 


gttccagttt 


ggaacaagag 


tccactatta 


aagaacgtgg 


1380 


actccaacgt 


caaagggcga 


aaaaccgtct 


atcagggcga 


tggcccacta 


cgtgaaccat 


1440 


cacccaaatc 


aagttttttg 


gggtcgaggt 


gccgtaaagc 


tctaaatcgg 


aaccctaaag 


1500 


ggagcccccg 


atttagagct 


tgacggggaa 


agccggcgaa 


cgtggcgaga 


aaggaaggga 


1560 


agaaagcgaa 


aggagcgggc 


gctagggcgc 


tggcaagtgt 


agcggtcacg 


ctgcgcgtaa 


1620 


ccaccacacc 


cgccgcgctt 


aatgcgccgc 


tacagggcgc 


gtactatggt 


tgctttgacg 


1680 


catcgtctaa 


gaaaccatta 


ttatcatgac 


attaacctat 


aaaaataggc 


gtatcacgag 


1740 


gccctttcgt 


cttcaagcag 


atctgaaaaa 


aaagcccgct 


cattaggcgg 


gctcagatct 


1800 


gctcatgttt 


gacagcttat 


catcgatgtc 


gacggtaccg 


aattcctcga 


gtctagaaag 


1860 


cttgagctcg 


gatcccatat 


gacctcctaa 


gcatcgatgg 


atcctgtttc 


ctgtgtgaaa 


1920 


ttgttatccg 


ctcacaattc 


cacacattat 


acgagccgat 


gattaattgt 


caacaggggg 


1980 


atggggagta 


agctgatcct 


gtttcctgtg 


tgaaattgtt 


atccgctcac 


aattccacac 


2040 


attatacgag 


ccgatgatta 


attgtcaaca 


gggggatggg 


gagtaagctc 


atcgatggat 


2100 


cgatcctgtt 


tcctgtgtga 


aattgttatc 


cgctcacaat 


tccacacatt 


atacgagccg 


2160 


gaagcataaa 


gtgtaaagcc 


tggggtgcct 


aatgagtgag 


ctaacttaca 


ttaattgcgt 


2220 


tgcgctcact 


gcccgctttc 


cagtcgggaa 


acctgtcgtg 


ccaggacacc 


atcgaatggt 


2280 


gcaaaacctt 


tcgcggtatg 


gcatgatagc 


gcccggaaga 


gagtcaattc 


agggtggtga 


2340 


atgtgaaacc 


agtaacgtta 


tacgatgtcg 


cagagtatgc 


cggtgtctct 


tatcagaccg 


2400 


tttcccgcgt 


ggtgaaccag 


gccagccacg 


tttctgcgaa 


aacgcgggaa 


aaagtggaag 


2460 


cggcgatggc 


ggagctgaat 


tacattccca 


accgcgtggc 


acaacaactg 


gcgggcaaac 


2520 


agtcgttgct 


gattggcgtt 


gccacctcca 


gtctggccct 


gcacgcgccg 


tcgcaaafctg 


2580 


tcgcggcgat 


taaatctcgc 


gccgatcaac 


tgggtgccag 


cgtggtggtg 


tcgatggtag 


2640 


aacgaagcgg 


cgtcgaagcc 


tgtaaagcgg 


cggtgcacaa 


tcttctcgcg 


caacgcgtca 


2700 


gtgggctgat 


cattaactat 


ccgctggatg 


accaggatgc 


cattgctgtg 


gaagctgcct 


2760 
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gcactaatgt 


tccggcgtta 


tttcttgatg 


tctctgacca 


gacacccatc 


aacagtatta 


2820 


ttttctccca 


tgaagacggt 


acgcgactgg 


gcgtggagca 


tetggtcgea 


ttgggtcacc 
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agcaaatcgc 


gctgttagcg 


ggcccattaa 


gttctgtctc 


ggcgcgtctg cgtctggctg 
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gctggcataa 
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cgcaatcaaa 


ttcagccgat 
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gaaggegact 
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ggagtgccat 


gtccggtttt 


caacaaacca 


tgcaaatgct 


gaatgagggc 
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ctgcgatgct 


ggttgccaac 


gatcagatgg 


cgctgggcgc 


aatgcgcgcc 


attaccgagt 
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ccgggctgcg 


cgttggtgcg 


gatatctcgg 


tagtgggata 


cgacgatacc 


gaagacagct 
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catgttatat 


cccgccgtta 


accaccatca 


aacaggattt 


tcgcctgctg 


gggcaaacca 
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gcgtggaccg 


cttgctgcaa 


ctctctcagg 


gccaggcggt 


gaagggcaat 


cagctgttgc 
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ccgtctcact 


ggtgaaaaga 


aaaaccaccc 


tggcgcccaa 


tacgcaaacc 


gcctctcccc 
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gcgcgttggc 


cgattcatta 


atgcagctgg 


cacgacaggt 


ttcccgactg 


gaaageggge 


3420 


agtgagcgca 


acgcaattaa 


tgtaagttag 


ctcactcatt 


aggcacccca 


ggctttacac 


3480 


tttatgcttc 


cggctcgtat 


ggcgtttcgg 


tgatgacggt 


gaaaacctct 


gaeacatgea 


3540 


gctcccggag 


acggtcacag 


cttgtctgta 


agcggatgcc 


gggagcagac 


aagcccgtca 
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gggcgcgtca 


gcgggtgttg 


gcgggtgtcg 


gggcgcagcc 


atgacccagt 


caegtagega 


3660 


tagcggagtg 


tatactggct 


taactatgcg 


gcatcagagc 


agattgtact 


gagagtgeae 


3720 


cattatgcgg 


tgtgaaatac 


cgcacagatg 


cgtaaggaga 


aaataccgea 


tcaggcgctc 


3780 


ttccgcttcc 


tcgctcactg 


actcgctgcg 


ctcggtcgtt 


cggctgcggc 


gageggtate 
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agctcactca 


aaggcggtaa 


tacggttatc 


cacagaatca 


ggggataacg 


caggaaagaa 


3900 


catgtgagca 


aaaggccagc 


aaaaggccag 


gaaccgtaaa 


aaggccgcgt 


tgctggcgtt 


3960 


tttccatagg 


ctccgccccc 


ctgacgagca 


tcacaaaaat 


cgacgctcaa 


gtcagaggtg 


4020 


gcgaaacccg 


acaggactat 


aaagatacca 


ggcgtttccc 


cctggaagct 


ccctcgtgcg 


4080 


ctctcctgtt 


ccgaccctgc 


cgcttaccgg 


atacctgtcc 


gcctttctcc 


ettegggaag 


4140 


cgtggcgctt 


tctcatagct 


cacgctgtag 


gtatctcagt 


tcggtgtagg 


tcgttcgctc 


4200 


caagctgggc 


tgtgtgcacg 


aaccccccgt 


tcagcccgac 


cgctgcgcct 


tatceggtaa 
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ctatcgtctt 


gagtccaacc 


cggtaagaca 


cgacttatcg 


ccactggcag 


cagccactgg 
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taactacggc 


tacactagaa 


ggacagtatt 
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4440 


cttcggaaaa 


agagttggta 


gctcttgatc 


eggcaaacaa 


accaccgctg 


gtagcggtgg 


4500 


tttttttgtt 


tgcaagcagc 


agattacgcg 


cagaaaaaaa 


ggatctcaag 


aagatccttt 


4560 
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gatcttttct 


acggggtctg 


acgctcagtg 


gaacgaaaac 


tcacgttaag ggattttggt 
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catgagatta 


tcaaaaagga 


tcttcaccta 


gatcctttta 
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gaagggcega 
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gcgcagaagt 


ggtcctgcaa 


ctttatccgc 


ctccatccag 


tctattaatt 


gttgccggga 
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agctagagta 
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cagttaatag 


tttgcgcaac 


gttgttgcca 


ttgctgcag 
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<400> 2 



gcatcgtggt 


gtcacgctcg 


tcgtttggta 


tggcttcatt 


cagctccggt 


tcccaacgat 


60 


caaggegagt 


tacatgatcc 


cccatgttgt 


gcaaaaaagc 


ggttagctcc 


ttcggtcctc 


120 


egateggggg 


gggggggaaa 


gccacgttgt 


gtctcaaaat 


ctctgatgtt 


acattgeaca 


180 


agataaaaat 


atatcatcat 


gaacaataaa 


actgtctget 


tacataaaca 


gtaatacaag 


240 


gggtgttatg 


agecatatte 


aacgggaaac 


gtcttgctcc 


aggecgegat 


taaattccaa 


300 


catggatget 


gatttatatg 


ggtataaatg 


ggctcgegat 


aatgtcgggc 


aatcaggtgc 


360 


gacaatctat 


cgactgtatg 


ggaagecega 


tgegecagag 


ttgtttctga 


aacatggcaa 


420 


aggtagegtt 


gecaatgatg 


ttacagatga 


gatggtcaga 


ctaaactggc 


tgaeggaatt 


480 


tatgectett 


ccgaccatca 


agcattttat 


ccgtactcct 


gatgatgeat 


ggttactcac 


540 


cactgcgatc 


cccgggaaaa 


cagcattcca 


ggtattagaa 


gaatatcctg 


attcaggtga 


600 


aaatattgtt 


gatgegctgg 


cagtgttcct 


gcgccggttg 


cattcgattc 


ctgtttgtaa 


660 


ttgtcctttt 


aacagegate 


gegtattteg 


tctcgctcag 


gcgcaatcac 


gaatgaataa 


720 


cggtttggtt 


gatgegagtg 


attttgatga 


egagegtaat 


ggctggcctg 


ttgaacaagt 


780 


ctggaaagaa 


atgeataage 


tattgecatt 


ctcaccggat 


teagtegtea 


ctcatggtga 


840 


tttctcactt 


gataacctta 


tttttgacga 


ggggaaatta 


ataggttgta 


ttgatgttgg 


900 


aegagtegga 


atcgcagacc 


gataccagga 


tcttgccatc 


ctatggaact 


gcctcggtga 


960 


gttttctcct 


tcattacaga 


aacggctttt 


tcaaaaatat 


ggtattgata 


atcctgatat 


1020 


gaataaattg 


cagtttcatt 


tgatgetega 


tgagtttttc 


taaagtacta 


ctcttccttt 


1080 
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ttcaatatta 


ttgaagcatt 


tatcagggtt 


attgtctcat 


gagcggatac 


atatttgaat 


1140 


gtatttagaa 


aaataaacaa 


ataggggttc 


cgcgcacatt 


tccccgaaaa 


gtgccacctg 


1200 


acgatgaaat 


tgtaaacgtt 


aatattttgt 


taaaattcgc 


gttaaatttt 


tgttaaatca 


1260 


gctcattttt 


taaccaatag 


gccgaaatcg 


gcaaaatccc 


ttataaatca 


aaagaatagc 


1320 


ccgagatagg 


gttgagtgtt 


gttccagttt 


ggaacaagag 


tccactatta 


aagaacgtgg 


1380 


actccaacgt 


caaagggcga 


aaaaccgtct 


atcagggcga 


tggcccacta 


cgtgaaccat 


1440 


cacccaaatc 


aagttttttg 


gggtcgaggt 


gccgtaaagc 


tctaaatcgg 


aaccctaaag 


1500 


ggagcccccg 


atttagagct 


tgacggggaa 


agccggcgaa 


cgtggcgaga 


aaggaaggga 


1560 


agaaagcgaa 


aggagcgggc 


gctagggcgc 


tggcaagtgt 


agcggtcacg 


ctgcgcgtaa 


1620 


ccaccacacc 


cgccgcgctt 


aatgcgccgc 


tacagggcgc 


gtactatggt 


tgctttgacg 


1680 


catcgtctaa 


gaaaccatta 


ttatcatgac 


attaacctat aaaaataggc 


gtatcacgag 


1740 


gccctttcgt 


cttcaagcag 


atctgaaaaa 


aaagcccgct 


cattaggcgg 


gctcagatct 


1800 


gctcatgttt 


gacagcttat 


catcgatgtc 


gacggtaccg 


aattcctcga 


gtctagaaag 


1860 


cttgagctcg 


gatcccatat 


gacctcctaa 


gcatcgatag 


atcctgtttc 


ctgtgtgaaa 


1920 


ttgttatccg 


ctcacaattc 


cacacattat 


acgagccgat 


gattaattgt 


caacaggggg 


1980 


atggggagta 


agctgatcct 


gtttcctgtg 


tgaaattgtt 


atccgctcac 


aattccacac 


2040 


attatacgag 


ccgatgatta 


attgtcaaca 


gggggatggg 


gagtaagctc 


atcgatggat 


2100 


cgatcctgtt 


tcctgtgtga 


aattgttatc 


cgctcacaat 


tccacacatt 


atacgagccg 


2160 


gaagcataaa 


gtgtaaagcc 


tggggtgcct 


aatgagtgag ctaacttaca ttaattgcgt 


2220 


tgcgctcact 


gcccgctttc 


cagtcgggaa 


acctgtcgtg 


ccaggacacc 


atcgaatggt 


2280 


gcaaaacctt 


tcgcggtatg 


gcatgatagc 


gcccggaaga 


gagtcaattc 


agggtggtga 


2340 


atgtgaaacc 


agtaacgtta 


tacgatgtcg 


cagagtatgc 


cggtgtctct 


tatcagaccg 


2400 


tttcccgcgt 


ggtgaaccag 


gccagccacg 


tttctgcgaa 


aacgcgggaa 


aaagtggaag 


2460 


cggcgatggc 


ggagctgaat 


tacattccca 


accgcgtggc 


acaacaactg 


gcgggcaaac 


2520 


agtcgttgct 


gattggcgtt 


gccacctcca 


gtctggccct 


gcacgcgccg 


tcgcaaattg 


2580 


tcgcggcgat 


taaatctcgc 


gccgatcaac 


tgggtgccag 


cgtggtggtg 


tcgatggtag 


2640 


cxcxk^ y clclv-j y y 


v-»y u.^yu.a.y 


t~ cr t~ a a a cr c* cr cr 


cggtgcacaa 


tcttctcgcg 


caacgcgtca 


2700 


gtgggctgat 


cattaactat 


ccgctggatg 


accaggatgc 


cattgctgtg 


gaagctgcct 


2760 


gcactaatgt 


tccggcgtta 


tttcttgatg 


tctctgacca 


gacacccatc 


aacagtatta 


2820 


ttttctccca 


tgaagacggt 


acgcgactgg 


gcgtggagca 


tctggtcgca 


ttgggtcacc 


2880 
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agcaaatcgc 


gctgttagcg 


ggcccattaa 


gttctgtctc 


ggcgcgtctg 


cgtctggctg 


2940 


gctggcataa 


atatctcact 


cgcaatcaaa 


ttcagccgat 


agcggaacgg 


gaaggcgact 


3000 


ggagtgccat 


gtccggtttt 


caacaaacca 


tgcaaatgct 


gaatgagggc 


atcgttccca 


3060 


ctgcgatgct 


ggttgccaac 


gatcagatgg 


cgctgggcgc 


aatgcgcgcc 


attaccgagt 


3120 


ccgggctgcg 


cgttggtgcg 


gatatctcgg 


tagtgggata 


cgacgatacc 


gaagacagct 


3180 


catgttatat 


cccgccgtta 


accaccatca 


aacaggattt 


tcgcctgctg 


gggcaaacca 


3240 


gcgtggaccg 


cttgctgcaa 


ctctctcagg 


gccaggcggt 


gaagggcaat 


cagctgttgc 


3300 


ccgtctcact 


ggtgaaaaga 


aaaaccaccc 


tggcgcccaa 


tacgcaaacc 


gcctctcccc 


3360 


gcgcgttggc 


cgattcatta 


atgcagctgg 


cacgacaggt 


ttcccgactg 


gaaagcgggc 


3420 


agtgagcgca 


acgcaattaa 


tgtaagttag 


ctcactcatt 


aggcacccca 


ggctttacac 


3480 


tttatgcttc 


cggctcgtat 


ggcgtttcgg 


tgatgacggt 


gaaaacctct 


gacacatgca 


3540 


gctcccggag 


acggtcacag 


cttgtctgta 


agcggatgcc 


gggagcagac 


aagcccgtca 


3600 


gggcgcgtca 


gcgggtgttg 


gcgggtgtcg 


gggcgcagcc 


atgacccagt 


cacgtagcga 


3660 


tagcggagtg 


tatactggct 


taactatgcg 


gcatcagagc 


agattgtact 


gagagtgcac 


3720 


cattatgcgg 


tgtgaaatac 


cgcacagatg 


cgtaaggaga 


aaataccgca 


tcaggcgctc 


3780 


ttccgcttcc 


tcgctcactg 


actcgctgcg 


ctcggtcgtt 


cggctgcggc 


gagcggtatc 


3840 


agctcactca 


aaggcggtaa 


tacggttatc 


cacagaatca 


ggggataacg 


caggaaagaa 


3900 


catgtgagca 


aaaggccagc 


aaaaggceag 


gaaccgtaaa 


aaggccgcgt 


tgctggcgtt 


3960 


tttccatagg 


ctccgccccc 


ctgacgagca 


tcacaaaaat 


cgacgctcaa 


gtcagaggtg 


4020 


gcgaaacccg 


acaggactat 


aaagatacca 


ggcgtttccc 


cctggaagct 


ccctcgtgcg 


4080 


ctctcctgtt 


ccgaccctgc 


cgcttaccgg 


atacctgtcc 


gcctttctcc 


cttcgggaag 


4140 


cgtggcgctt 


tctcatagct 


cacgctgtag 


gtatctcagt 


tcggtgtagg 


tcgttcgctc 


4200 


caagctgggc 


tgtgtgcacg 


aaccccccgt 


tcagcccgac 


cgctgcgcct 


tatccggtaa 


4260 


ctatcgtctt 


gagtccaacc 


cggtaagaca 


cgacttatcg 


ccactggcag 


cagccactgg 


4320 


taacaggatt 


agcagagcga 


ggtatgtagg 


cggtgctaca 


gagttcttga 


agtggtggcc 


4380 


taactacggc 


tacactagaa 


ggacagtatt 


tggtatctgc 


gctctgctga 


agccagttac 


4440 


cttcggaaaa 


agagttggta 


gctcttgatc 


cggcaaacaa 


accaccgctg 


gtagcggtgg 


4500 


tttttttgtt 


tgcaagcagc 


agattacgcg 


cagaaaaaaa 


ggatctcaag 


aagatccttt 


4560 


gatcttttct 


acggggtctg 


acgctcagtg 


gaacgaaaac 


tcacgttaag 


ggattttggt 


4620 


catgagatta 


tcaaaaagga 


tcttcaccta 


gatcctttta 


aattaaaaat 


gaagttttaa 


4680 


atcaatctaa 


agtatatatg 


agtaaacttg 


gtctgacagt 


taccaatgct 


taatcagtga 


4740 
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ggcacctatc 


tcagcgatct 


gtctatttcg 


ttcatccata 


gttgcctgac 


tccccgtcgt 


4800 






acrcrcrr*t~ l*arr 


a t c t crcTc c r* r* 


a cr fc cr r* t cr c a a 






agacccacgc 


tcaccggctc 


cagatttatc 


agcaataaac 


cagccagccg 


gaagggccga 


4920 


gcgcagaagt 


ggtcctgcaa 


ctttatccgc 


ctccatccag 


tctattaatt 


gttgccggga 


4980 


agctagagta 


agtagttcgc 


cagttaatag 


tttgcgcaac 


gttgttgcca 


ttgctgcag 


5039 



<210> 3 

<211> 6209 

<212> DNA 

<213> Artificial 

<220> 

<223> Custom DNA vector 

<400> 3 



gcatcgtggt 


gtcacgctcg 


tcgtttggta 


tggcttcatt 


cagctccggt 


tcccaacgat 


60 


caaggcgagt 


tacatgatcc 


cccatgttgt 


gcaaaaaagc 


ggttagctcc 


ttcggtcctc 


120 


cgatcggggg 


gggggggaaa 


gccacgttgt 


gtctcaaaat 


ctctgatgtt 


acattgcaca 


180 


agataaaaat 


atatcatcat 


gaacaataaa 


actgtctgct 


tacataaaca 


gtaatacaag 


240 


gggtgttatg 


agccatattc 


aacgggaaac 


gtcttgctcc 


aggccgcgat 


taaattccaa 


300 


catggatgct 


gatttatatg 


ggtataaatg 


ggctcgcgat 


aatgtcgggc 


aatcaggtgc 


360 


gacaatctat 


ccractcrtatcr 


crcraacrccccra 


tcrccfccacracr 


t tgt t tctga 


aacataacaa 


420 


aggtagcgtt 


gccaatgatg 


ttacagatga 


gatggtcaga 


ctaaactggc 


tgacggaatt 


480 


tatgcctctt 


ccgaccatca 


agcattttat 


ccgtactcct 


gatgatgcat 


ggttactcac 


540 


cactgcgatc 


cccgggaaaa 


cagcattcca 


ggtattagaa 


gaatatcctg 


attcaggtga 


600 


aaatattgtt 


gatgcgctgg 


cagtgttcct 


gcgccggttg 


cattcgattc 


ctgtttgtaa 


660 


ttgtcctttt 


aacagcgatc 


gcgtatttcg 


tctcgctcag 


gcgcaatcac 


gaatgaataa 


720 


cggtttggtt 


gatgcgagtg 


attttgatga 


cgagcgtaat 


ggctggcctg 


ttgaacaagt 


780 


ctggaaagaa 


atgcataagc 


tattgccatt 


ctcaccggat 


tcagtcgtca 


ctcatggtga 


840 


tttctcactt 


gataacctta 


tttttgacga 


ggggaaatta 


ataggttgta 


ttgatgttgg 


900 


acgagtcgga 


atcgcagacc 


gataccagga 


tcttgccatc 


ctatggaact 


gcctcggtga 


960 


gttttctcct 


tcattacaga 


aacggctttt 


tcaaaaatat 


ggtattgata 


atcctgatat 


1020 


gaataaattg 


cagtttcatt 


tgatgctcga 


tgagtttttc 


taaagtacta 


ctcttccttt 


1080 


ttcaatatta 


ttgaagcatt 


tatcagggtt 


attgtctcat 


gagcggatac 


atatttgaat 


1140 


gtatttagaa 


aaataaacaa 


ataggggttc 


cgcgcacatt 


tccccgaaaa 


gtgccacctg 


1200 
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acgatgaaat 


tgtaaacgtt 


aatattttgt 


taaaattcgc 


gttaaatttt 


tgttaaatca 


1260 


gctcattttt 


taaccaatag 


gccgaaatcg 


gcaaaatccc 


ttataaatca 


aaagaatagc 


1320 


ccgagatagg 


gttgagtgtt 


gttccagttt 


ggaacaagag 


tccactatta 


aagaacgtgg 


1380 


actccaacgt 


caaagggcga 


aaaaccgtct 


atcagggcga 


tggcccacta 


cgtgaaccat 


1440 


cacccaaatc 


aagttttttg 


gggtcgaggt 


gccgtaaagc 


tctaaatcgg 


aaccctaaag 


1500 


ggagcccccg 


atttagagct 


tgacggggaa 


agccggcgaa 


cgtggcgaga 


aaggaaggga 


1560 


agaaagcgaa 


aggagcgggc 


gctagggcgc 


tggcaagtgt 


agcggtcacg 


ctgcgcgtaa 


1620 


ccaccacacc 


cgccgcgctt 


aatgcgccgc 


tacagggcgc 


gtactatggt 


tgctttgacg 


1680 


catcgtctaa 


gaaaccatta 


ttatcatgac 


attaacctat 


aaaaataggc 


gtatcacgag 


1740 


gccctttcgt 


cttcaagcag 


atctgaaaaa 


aaagcccgct 


cattaggcgg 


gctcagatct 


1800 


gctcatgttt 


gacagcttat 


catcgatgtc 


gacggtaccg 


aattcctcga 


gtctagaaag 


1860 


cttgagctcg 


gatccgaatt 


ctgaaatcct 


tccctcgatc 


ccgaggttgt 


tgttattgtt 


1920 


attgttgttg 


ttgttcgagc 


tcgaattagt 


ctgcgcgtct 


ttcagggctt 


catcgacagt 


1980 


ctgacgaccg 


ctggcggcgt 


tgatcaccgc 


agtacgcacg 


gcataccaga 


aagcggacat 


2040 


ctgcgggatg 


ttcggcatga 


tttcaccttt 


ctgggcgttt 


tccatagtgg 


cggcaatacg 


2100 


tggatctttc 


gccaactctt 


cctcgtaaga 


cttcagcgct 


acggcaccca 


gcggtttgtc 


2160 


tttattaacc 


gcttccagac 


cttcatcagt 


cagcagatag 


ttttcgagga 


actcttttgc 


2220 


cagctctttg 


ttcggactgg 


cggcgttaat 


acctgcgctc 


agcacgccaa 


cgaacggttt 


2280 


ggatggttga 


cccttgaagg 


tcggcagtac 


cgttacacca 


taattcactt 


tgctggtgtc 


2340 


gatgttggac 


catgcccacg 


ggccgttgat 


ggtcatcgct 


gtttcgcctt 


tattaaaggc 


2400 


agcttctgcg 


atggagtaat 


cggtgtctgc 


attcatgtgt 


ttgtttttaa 


tcaggtcaac 


2460 


caggaaggtc 


agacccgctt 


tcgcgccagc 


gttatccacg 


cccacgtctt 


taatgtcgta 


2520 


cttgccgttt 


tcatacttga 


acgcataacc 


cccgtcagca 


gcaatcagcg 


gccaggtgaa 


2580 


gtacggttct 


tgcaggttga 


acatcagcgc 


gctcttacct 


ttcgctttca 


gttctttatc 


2640 


cagcgccggg 


atctcttccc 


aggtttttgg 


cgggttcggc 


agcagatctt 


tgttataaat 


2700 


cagcgataac 


gcttcaacag 


cgatcgggta 


agcaatcagc 


ttgccgttgt 


aacgtacggc 


2760 


atcccaggta 


aacggataca 


gcttgtcctg 


gaacgctttg 


tccggggtga 


tttcagccaa 


2820 


caggccagat 


tgagcgtagc 


caccaaagcg 


gtcgtgtgcc 


cagaagataa 


tgtcagggcc 


2880 


atcgccagtt 


gccgcaacct 


gtgggaattt 


ctcttccagt 


ttatccggat 


gctcaacggt 


2940 


gactttaatt 


ccggtatctt 


tctcgaattt 


cttaccgact 


tcagcgagac 


cgttatagcc 


3000 


tttatcgccg 


ttaatccaga 


ttaccagttt 


accttcttcg 


attttcatat 


gacctcctaa 


3060 
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gcatcgatag 


atcctgtttc 


ctgtgtgaaa 


ttgttatccg 


ctcacaattc 


cacacattat 


3120 


acgagccgat 


gattaattgt 


caacaggggg 


atggggagta 


agctgatcct 


gtttcctgtg 


3180 


tgaaattgtt 


atccgctcac 


aattccacac 


attatacgag 


ccgatgatta 


attgtcaaca 


3240 


gggggatggg 


gagtaagctc 


atcgatggat 


cgatcctgtt 


tcctgtgtga 


aattgttatc 


3300 


cgctcacaat 


tccacacatt 


atacgagccg 


gaagcataaa 


gtgtaaagcc 


tggggtgcct 


3360 


aatgagtgag 


ctaacttaca 


ttaattgcgt 


tgcgctcact 


gcccgctttc 


cagtcgggaa 


3420 


acctgtcgtg 


ccaggacacc 


atcgaatggt 


gcaaaacctt 


tcgcggtatg 


gcatgatagc 


3480 


gcccggaaga 


gagtcaattc 


agggtggtga 


atgtgaaacc 


agtaacgtta 


tacgatgtcg 


3540 


cagagtatgc 


cggtgtctct 


tatcagaccg 


tttcccgcgt 


ggtgaaccag 


gccagccacg 


3600 


tttctgcgaa 


aacgcgggaa 


aaagtggaag 


cggcgatggc 


ggagctgaat 


tacattccca 


3660 


accgcgtggc 


acaacaactg 


gcgggcaaac 


agtcgttgct 


gattggcgtt 


gccacctcca 


3720 


gtctggccct 


gcacgcgccg 


tcgcaaattg 


tcgcggcgat 


taaatctcgc 


gccgatcaac 


3780 


tgggtgccag 


cgtggtggtg 


tcgatggtag 


aacgaagcgg 


cgtcgaagcc 


tgtaaagcgg 


3840 


cggtgcacaa 


tcttctcgcg 


caacgcgtca 


gtgggctgat 


cattaactat 


ccgctggatg 


3900 


accaggatgc 


cattgctgtg 


gaagctgcct 


gcactaatgt 


tccggcgtta 


tttcttgatg 


3960 


tctctgacca 


gacacccatc 


aacagtatta 


ttttctccca 


tgaagacggt 


acgcgactgg 


4020 


gcgtggagca 


tctggtcgca 


ttgggtcacc 


agcaaatcgc 


gctgttagcg 


ggcccattaa 


4080 


gttctgtctc 


ggcgcgtctg 


cgtctggctg gctggcataa 


atatctcact 


cgcaatcaaa 


4140 


ttcagccgat 


agcggaacgg 


gaaggcgact 


ggagtgccat 


gtccggtttt 


caacaaacca 


4200 


tgcaaatgct 


gaatgagggc 


atcgttccca 


ctgcgatgct 


ggttgccaac 


gatcagatgg 


4260 


cgctgggcgc 


aatgcgcgcc 


attaccgagt 


ccgggctgcg 


cgttggtgcg 


gatatctcgg 


4320 


tagtgggata 


cgacgatacc 


gaagacagct 


catgttatat 


cccgccgtta 


accaccatca 


4380 


aacaggattt 


tcgcctgctg 


gggcaaacca 


gcgtggaccg 


cttgctgcaa 


ctctctcagg 


4440 


gccaggcggt 


gaagggcaat 


cagctgttgc 


ccgtctcact 


ggtgaaaaga 


aaaaccaccc 


4500 


tggcgcccaa 


tacgcaaacc 


gcctctcccc 


gcgcgttggc 


cgattcatta 


atgcagctgg 


4560 


cacgacaggt 


ttcccgactg 


gaaagcgggc 


agtgagcgca 


acgcaattaa 


tgtaagttag 


4620 


rtcactcatt 


aaacacccra 


ggctttacac 


ttfcatgcttc 


c cr cr c fc c cr t a t 


cr cr c cr fc t* i~ c* cs cr 


4680 


tgatgacggt 


gaaaacctct 


gacacatgca 


gctcccggag 


acggtcacag 


cttgfcctgta 


4740 


agcggatgcc 


gggagcagac 


aagcccgtca 


gggcgcgtca 


gcgggtgttg 


gcgggtgtcg 


4800 


gggcgcagcc 


atgacccagt 


cacgtagcga 


tagcggagtg 


tatactggct 


taactatgcg 


4860 



9 



WO 2005/067601 PCT/US2005/000302 



gcatcagagc 


agattgtact 


gagagtgcac 


cattatgcgg 


tgtgaaatac 


cgcacagatg 


4920 


cgtaaggaga 


aaataccgca 


tcaggcgctc 


ttccgcttcc 


tcgctcactg 


actcgctgcg 


4980 


ctcggtcgtt 


cggctgcggc 


gagcggtatc 


agctcactca 


aaggcggtaa 


tacggttatc 


5040 


cacagaatca 


ggggataacg 


caggaaagaa 


catgtgagca 


aaaggccagc 


aaaaggccag 


5100 


gaaccgtaaa 


aaggccgcgt 


tgctggcgtt 


tttccatagg 


ctccgccccc 


ctgacgagca 


5160 


tcacaaaaat 


cgacgctcaa 


gtcagaggtg 


gcgaaacccg 


acaggactat 


aaagatacca 


5220 


ggcgtttccc 


cctggaagct 


ccctcgtgcg 


ctctcctgtt 


ccgaccctgc 


cgcttaccgg 


5280 


atacctgtcc 


gcctttctcc 


cttcgggaag 


cgtggcgctt 


tctcatagct 


cacgctgtag 


5340 


gtatctcagt 


tcggtgtagg 


tcgttcgctc 


caagctgggc 


tgtgtgcacg 


aaccccccgt 


5400 


tcagcccgac 


cgctgcgcct 


tatccggtaa 


ctatcgtctt 


gagtccaacc 


cggtaagaca 


5460 


cgacttatcg 


ccactggcag 


cagccactgg 


taacaggatt 


agcagagcga 


ggtatgtagg 


5520 


cggtgctaca 


gagttcttga 


agtggtggcc 


taactacggc 


tacactagaa 


ggacagtatt 


5580 


tggtatctgc 


gctctgctga 


agccagttac 


cttcggaaaa 


agagttggta 


gctcttgatc 


5640 


cggcaaacaa 


accaccgctg 


gtagcggtgg 


tttttttgtt 


tgcaagcagc 


agattacgcg 


5700 


cagaaaaaaa 


ggatctcaag 


aagatccttt 


gatcttttct 


acggggtctg 


acgctcagtg 


5760 


gaacgaaaac 


tcacgttaag 


ggattttggt 


catgagatta 


tcaaaaagga 


tcttcaccta 


5820 


gatcctttta 


aattaaaaat 


gaagttttaa 


atcaatctaa 


agtatatatg 


agtaaacttg 


5880 


gtctgacagt 


taccaatgct 


taatcagtga 


ggcacctatc 


tcagcgatct 


gtctatttcg 


5940 


ttcatccata 


gttgcctgac 


tccccgtcgt 


gtagataact 


acgatacggg 


agggcttacc 


6000 


atctggcccc 


agtgctgcaa 


tgataccgcg 


agacccacgc 


tcaccggctc 


cagatttatc 


6060 


agcaataaac 


cagccagccg 


gaagggccga 


gcgcagaagt 


ggtcctgcaa 


ctttatccgc 


6120 


ctccatccag 


tctattaatt 


gttgccggga 


agctagagta 


agtagttcgc 


cagttaatag 


6180 


tttgcgcaac 


gttgttgcca 


ttgctgcag 








6209 



<210> 4 

<211> 29 

<212> DNA 

<213> Artificial 

<220> 

<223> 5' modified restriction site 

<400> 4 

attccaattc gatcgggggg ggggggaaa 29 

<210> 5 

<211> 31 
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<212> DNA 

<213> Artificial 

<220> 

<223> 3 1 modified restriction site 
<400> 5 

attccaagta gtactttaga aaaactcatc g 31 



<210> 6 

<211> 83 

<212> DNA 

<213> Artificial 

<220> 

<223> 5* modified multiple cloning site 
<400> 6 

atcgatcgac atatgggatc cgagctcaag ctttctagac tcgaggaatt cggtaccgtc 60 
gacatcgatg ataagctgtc aaa 83 



<210> 7 

<211> 31 

<212> DNA 

<213> Artificial 

<220> 

<223> 3 1 modified multiple cloning site 

<400> 7 

attccaagta gtactactct tcctttttca a 31 



<210> 8 

<211> 32 

<212> DNA 

<213> Artificial 



<220> 

<223> 5' PCR primer for pcWIN2 construct 
<400> 8 

caattatata gatctatcga tgcttaggag gt 32 



<210> 9 

<211> 36 

<212> DNA 

<213> Artificial 

<220> 

<223> 3 1 PCR primer for pcWIN2 construct 

<400> 9 

ttgccttatt ctagatcatt agtggtgatg gtggtg 3 6 



<210> 10 
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<211> 6659 

<212> DNA 

<213> Artificial 

<220> 

<223> Custom DNA vector pMS39 

<400> 10 



tcgccttccc 


gttccgctat 


cggctgaatt 


tgattgcgag 


tgagatattt 


atgccagcca 


60 


gccagacgca 


gacgcgccga 


gacagaactt 


aatgggcccg 


ctaacagcgc 


gatttgctgg 


120 


tgacccaatg 


cgaccagatg 


ctccacgccc 


agtcgcgtac 


cgtcttcatg 


ggagaaaata 


180 


atactgttga 


tgggtgtctg 


gtcagagaca 


tcaagaaata 


acgccggaac 


attagtgcag 


240 


gcagcttcca 


cagcaatggc 


atcctggtca 


tccagcggat 


agttaatgat 


cagcccactg 


300 


acgcgttgcg 


cgagaagatt 


gtgcaccgcc 


gctttacagg 


cttcgacgcc 


gcttcgttct 


360 


accatcgaca 


ccaccacgct 


ggcacccagt 


tgatcggcgc 


gagatttaat 


cgccgcgaca 


420 


atttgcgacg 


gcgcgtgcag 


ggccagactg 


gaggtggcaa 


cgccaatcag 


caacgactgt 


480 


ttgcccgcca 


gttgttgtgc 


cacgcggttg 


ggaatgtaat 


tcagctccgc 


catcgccgct 


540 


tccacttttt 


cccgcgtttt 


cgcagaaacg 


tggctggcct 


ggttcaccac 


gcgggaaacg 


600 


gtctgataag 


agacaccggc 


atactctgcg 


acatcgtata 


acgttactgg 


tttcacattc 


660 


accaccctga 


attgactctc 


ttccgggcgc 


tatcatgcca 


taccgcgaaa 


ggttttgcac 


720 


cattcgatgg 


tgtcctggca 


cgacaggttt 


cccgactgga 


aagcgggcag 


tgagcgcaac 


780 


gcaattaatg 


taagttagct 


cactcattag 


gcaccccagg ctttacactt 


tatgcttccg 


840 


gctcgtataa 


tgtgtggaat 


tgtgagcgga 


taacaatttc 


acacaggaaa 


caggatcgat 


900 


ccatcgatga 


gcttactccc 


catccccctg 


ttgacaatta 


atcatcggct 


cgtataatgt 


960 


gtggaattgt 


gagcggataa 


caatttcaca 


caggaaacag 


gatcagctta 


ctccccatcc 


1020 


ccctgttgac 


aattaatcat 


cggctcgtat 


aatgtgtgga 


attgtgagcg 


gataacaatt 


1080 


tcacacagga 


aacaggatct 


atcgatgctt 


aggaggtcat 


atgaaaatcg 


aagaaggtaa 


1140 


actggtaatc 


tggattaacg 


gcgataaagg 


ctataacggt 


ctcgctgaag 


tcggtaagaa 


1200 


attcgagaaa 


gataccggaa 


ttaaagtcac 


cgttgagcat 


ccggataaac 


tggaagagaa 


1260 


attcccacag 


gttgcggcaa 


ctggcgatgg 


ccctgacatt 


atcttctggg 


cacacgaccg 


1320 


ctttggtggc 


tacgctcaat 


ctggcctgtt 


ggctgaaatc 


accccggaca 


aagcgttcca 


1380 


ggacaagctg 


tatccgttta 


cctgggatgc 


cgtacgttac 


aacggcaagc 


tgattgctta 


1440 


cccgatcgct 


gttgaagcgt 


tatcgctgat 


ttataacaaa 


gatctgctgc 


cgaacccgcc 


1500 


aaaaacctgg 


gaagagatcc 


cggcgctgga 


taaagaactg 


aaagcgaaag 


gtaagagcgc 


1560 


gctgatgttc 


aacctgcaag 


aaccgtactt 


cacctggccg 


ctgattgctg 


ctgacggggg 


1620 
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ttatgcgttc 


aagtatgaaa 


acggcaagta 


cgacattaaa 


gacgtgggcg 


tggataacgc 


1680 


tggcgcgaaa 


gcgggtctga 


ccttcctggt 


tgacctgatt 


aaaaacaaac 


acatgaatgc 


1740 


agacaccgat 


tactccatcg 


cagaagctgc 


ctttaataaa 


ggcgaaacag 


cgatgaccat 


1800 


caacggcccg 


tgggcatggt 


ccaacatcga 


caccagcaaa 


gtgaattatg 


gtgtaacggt 


1860 


actgccgacc 


ttcaagggtc 


aaccatccaa 


accgttcgtt 


ggcgtgctga 


gcgcaggtat 


1920 


taacgccgcc 


agtccgaaca 


aagagctggc 


aaaagagttc 


ctcgaaaact 


atctgctgac 


1980 


tgatgaaggt 


ctggaagcgg 


ttaataaaga 


caaaccgctg 


ggtgccgtag 


cgctgaagtc 


2040 


ttacgaggaa 


gagttggcga 


aagatccacg 


tattgccgcc 


actatggaaa 


acgcccagaa 


2100 


aggtgaaatc 


atgccgaaca 


tcccgcagat 


gtccgctttc 


tggtatgccg 


tgcgtactgc 


2160 


ggtgatcaac 


gccgccagcg 


gtcgtcagac 


tgtcgatgaa 


gccctgaaag 


acgcgcagac 


2220 


taattcgagc 


tcgaacaaca 


acaacaataa 


caataacaac 


aacctcggga 


tcgagggaag 


2280 


gatttcagaa 


ttcggatcta 


ttgtggcgac 


cggcggcacc 


accaccaccg 


cgaccccgac 


2340 


cggctccggc 


agcgtgacct 


cgaccagcaa 


aaccaccgcg 


accgcgagca 


aaaccagcac 


2400 


cagcacctca 


tcaacctcct 


gtaccacccc 


gaccgcggtg 


gcggtgacct 


tcgatctgac 


2460 


cgcgaccacc 


acctacggcg 


aaaacatcta 


cctggtgggc 


tcgatctctc 


agctgggtga 


2520 


ttgggaaacc 


agcgatggca 


ttgcgctgag 


cgcggataaa 


tacacctcca 


gcgatccgct 


2580 


gtggtatgtg 


accgtgaccc 


tgccggcggg 


tgaatcgttt 


gaatacaaat 


ttatccgcat 


2640 


tgaaagcgat 


gattccgtgg 


aatgggaaag 


cgatccgaac 


cgcgaataca 


ccgtgccgca 


2700 


ggcgtgcggc 


acctcgaccg 


cgaccgtgac 


cgatacctgg 


cgcggatccg 


agctcaagct 


2760 


ttctagactc 


gaggaattcg 


gtaccgtcga 


catcgatgat 


aagctgtcaa 


acatgagcag 


2820 


atctgagccc 


gcctaatgag 


cgggcttttt 


tttcagatct 


gcttgaagac 


gaaagggcct 


2880 


cgtgatacgc 


ctatttttat 


aggttaatgt 


catgataata 


atggtttctt 


agacgatgcg 


2940 


tcaaagcaac 


catagtacgc 


gccctgtagc 


ggcgcattaa 


gcgcggcggg 


tgtggtggtt 


3000 


acgcgcagcg 


tgaccgctac 


acttgccagc 


gccctagcgc 


ccgctccttt 


cgctttcttc 


3060 


ccttcctttc 


tcgccacgtt 


cgccggcttt 


ccccgtcaag 


ctctaaatcg 


ggggctccct 


3120 


ttagggttcc 


gatttagagc 


tttacggcac 


ctcgacccca 


aaaaacttga 


tttgggtgat 


3180 


rrrr +~ \~ r* z\ ^ 
y y i— L-^civ-'y i— ex. 


rrt" ctcscic* pair 


crc cc\~ cm t* Pi a 
y t— » l» y a t^ciy 


p\ c rrrrt - 1* t~ i~ t~ c* 

<-A. V — . y u U U L< v-» 


rrp r* a t" t" t" CI Pi c 


y i— *— yyc*y l-i»^v_ 


3240 


acgttcttta 


atagtggact 


cttgttccaa 


actggaacaa 


cactcaaccc 


tatctcgggc 


3300 


tattcttttg 


atttataagg 


gattttgccg 


atttcggcct 


attggttaaa 


aaatgagctg 


3360 


atttaacaaa 


aatttaacgc 


gaattttaac 


aaaatattaa 


cgtttacaat 


ttcatcgtca 


3420 
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ggtggcactfc 


4— 4— j~r i-r r*r ft ^ S3 S3 

ttcggggaaa 


tgtgcgcgga 


acccctattt 


gtttattttt 


/—i 4— ^ -ci ^5 ^ *~tl «^ 4-* 

ccaaauacac 


3480 


4— **\ *rs 4— 4— /— 4— 




gagacaataa 


ccctgataaa 


tgcttcaata 


sa 4~ sa 4~ 4— /~r a a a o 

acaucgaaaa 


O C A A 


aggaayagua 


/-r 4— sa c* 4" 4— 4- S3 frsa 

y uactL ucty ct 


aaaactcatc 


gagcatcaaa 


tgaaactgea 


sa 4- 4~ 4~ S3 4~ 4~ /~» sa +~ 
dLULdLLudC 


JoUU 


a. t c a g g a. 1 1 a. 


tcaacaccaL 


atttttgaaa 


aagccgtttc 


tgtaatgaag 


gagaaaaccc 


jbbU 


accgaggcag 


4~ 4— r*« /-« sa 4— sa ever 33 

ttccatayya 


tggcaagatc 


ctggtatcgg 


tetgegatte 


ogdL. Luy L-cc 


J / zu 


a o nci l - f* sa S3 4- S3 

aacaucaaua 


CaaCC L.O.L. tea. 


atttcccctc 


gtcaaaaata 


aggttatcaa 


/^r4~ rr a /~r sa sa sa 4— /~« 

gugagaaauc 


•5 n o n 
j / oU 


sa » f~% sa +- rrf" cr 

dcjcjctuyciy i_y 


sa e~* ctz\ c*\~ /rsa sa 4- 

cn_y cio L.y cici l. 


ccggtgagaa 


tggcaatagc 


ttatgcattt 


c 4-* 4~ 4~ c* c* sa rra c* 
ULLLL-LdydL 






ggccagccac 


tacgctcgtc 


atcaaaatca 


ctcgcatcaa 


S3 S3 S3 /~« /^w- 4— 4— 

ccaaaccgtt 


o y uu 


-—\ 4— 4— ^3 4— 4— 

aULCatCCyt 


gauugegect 


gagegagacg 


aaatacgega 


tcgctgttaa 


aaggacaat t 


one n 


acaaacdyga 


S3 4~ /~«/~rsa sa 4~ r~rr~* S3 

aUCyaatyCa 


accggcgcag 


gaacactgcc 


agegcatcaa 


/~i a a 4- a 4- 4— 4— 4— r-% 


/i n o n 


■ — \ f% 4— a a 4- /^-i «a 

aCLLgaaLCd 


/~fr~r S3 4/~ S3 4— 4- 4~ 4~ 

ggdLdLLLLU 


ctaatacctg 


gaatgctgtt 


ttcccgggga 


ucgcagcggu 


/i a q n 
4UoU 


/*ts rf+* sa a sa 4~ 

yagLaaCCaL. 


/^T/~» S3 4~ /"« S3 4~ /""•« S3 /T 

gcaccaucay 


gagtaeggat 


aaaatgcttg 


atggtcggaa 


gaggcauaaa 




ttccgtcagc 


/— < as *t 4~ 4~ 4~ S3 /^r4~ r* 


tgaccatctc 


atctgtaaca 


tcattggcaa 


cgc tacct t t 


4tz U U 


^ 4— /~*c 4— 4— 4— n 

gccatgtLuc 


^ si ^ ss S3 S3 ^ 4™" 

agaaacaacc 


ctggcgcatc 


gggcttccca 


tacagtcgat 


agattgtege 


A O £T A 


acctgattgc 


ccgacauuat 


cgcgagccca 


tttataccca 


tataaatcag 


catccatgt t 


/I Q O C\ 

4jz U 


rrrf a at"f"ha af" 


eyegy ut, tyg 


ageaagaegt 


ttcccgttga 


atatggctca 


caacaccccu 


yi *2 q n 


4- /*t4- 'i t- 4- a /~t 4- 
tCfLaLLaCLg 


4~ 4— 4~ sa 4— /~r4— sa ss /~r 
LttaLyCaay 


cagacagttt 


tattgttcat 


gatgatatat 


ucucatct tg 


A A A f\ 


4-* sa S3 4" /~f 4™ ^3 ^a 

ugcaaugtaa 


/-^l ^a 4** S3 i*~T S3 iT S3 4"" 

caccagagac 


tttgagacac 


aacgtggctt 


tccccccccc 


cccgatcgga 


4oUU 


gyac c gaagg 


S3 f~r*~* 4- S3 S3 /~* r~* rrr~* 

agctaaccyc 


ttttttgeae 


aacatggggg 


atcatgtaac 


fcegee tfcgat 


4o b U 


/— « f~T 4— 4— CTCt n*a 35 ft 


Lyy cty o uy ctd 


tgaagecata 


ccaaacgacg 


agegtgacac 


cacgaugccL 


/icon 
4 Dz U 


gcagcaatgg 




gegcaaacta 


ttaactggcg 


aactacttac 


4— -f" rri r** 4~ "h^ /^-i 

uccagcLtcc 


/icon 
4 bo U 


cggcaacdat 


S3 S3 4— S3 H'SI /"t 4/~ fT 

tadtdydLUg 


gatggaggcg 


gataaagttg 


caggaccact 


LCtyCyCtCy 


4 / 4U 


nr< f 4/- 4— <»-« c*ctct 


^L.yyt'Lyy ll 


tattgetgat 


aaatctggag 


ccggtgagcg 


L-gggtc cege 


/i o n n 
4 o U U 


4— sa 4/~ n 4- 4- /^r 

ygUaUCat t.g 


/~* sa trr* sa c« 4~ rffirr 

cagcactggg 


gccagatggt 


aagccctccc 


gtatcgtagt 


uacc uacacg 


4 o b U 


S5 C*CtCXCfCt^ CT \~ c 


sa crcTC sa sa 4~ sa 4- 
cty y L-a.civ_ l.ci l. 


ggatgaacga 


aatagacaga 


tegctgagat 


sa /~r/^r4~ t~rr* /~* 4- /~« sa 

dggugectea 


A Q o n 
4 Z U 




3a 4r*4-/-TO"i~3 5 33/-^4r 
cLi_L.yy i_d.civ-.L- 


gtcagaccaa 


gtttactcat 


atatacttta 


rra 4~ 4~ /^rsa 4— 4— 4— »— < 

yat Lgduuca 


/loon 

4i7 O U 


CJ=asa/^«4-4"/-«=a4-4- 


1— L. LQ.Q L L. L-dCt 


aaggatctag 


gtgaagatcc 


tttttgataa 


4~ c* t" sa 4— rra **■« 

tctcaugacc 


3 U 4 U 


3asasasa4-/--«/-«/-»4-4- 


39 33 rri~ rrsa rri - 4~ 


ttcgttccac 


tgagcgtcag 


accccgtaga 


sa sa sa sa 4— a a a 

dddyci u c aaa 


O JL U U 


ggatcttctt 


gagatccttt 


ttttctgege 


gtaatctget 


gettgeaaac 


aaaaaaacca 


5160 


ccgctaccag 


cggtggtttg 


tttgeeggat 


caagagctac 


caactctttt 


tccgaaggta 


5220 


actggcttca 


geagagegea 


gataccaaat 


actgtccttc 


tagtgtagcc 


gtagttaggc 


5280 
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caccacttca agaactctgt agcaccgcct acatacctcg ctctgctaat cctgttacca 5340 

gtggctgctg ccagtggcga taagtcgtgt cttaccgggt tggactcaag acgatagtta 5400 

ccggataagg cgcagcggtc gggctgaacg gggggttcgt gcacacagcc cagcttggag 5460 

cgaacgacct acaccgaact gagataccta cagcgtgagc tatgagaaag cgccacgctt 552 0 

cccgaaggga 'gaaaggcgga caggtatccg gtaagcggca gggtcggaac aggagagcgc 5580 

acgagggagc ttccaggggg aaacgcctgg tatctttata gtcctgtcgg gtttcgccac 5640 

ctctgacttg agcgtcgatt tttgtgatgc tcgtcagggg ggcggagcct atggaaaaac 5700 

gccagcaacg cggccttttt acggttcctg gccttttgct ggccttttgc tcacatgttc 5760 

tttcctgcgt tatcccctga ttctgtggat aaccgtatta ccgcctttga gtgagctgat 582 0 

accgctcgcc gcagccgaac gaccgagcgc agcgagtcag tgagcgagga agcggaagag 5880 

cgcctgatgc ggtattttct ccttacgcat ctgtgcggta tttcacaccg cataatggtg 5940 

cactctcagt acaatctgct ctgatgccgc atagttaagc cagtatacac tccgctatcg 6000 

ctacgtgact gggtcatggc tgcgccccga cacccgccaa cacccgctga cgcgccctga 6060 

cgggcttgtc tgctcccggc atccgcttac agacaagctg tgaccgtctc cgggagctgc 612 0 

atgtgtcaga ggttttcacc gtcatcaccg aaacgccata cgagccggaa gcataaagtg 6180 

taaagcctgg ggtgcctaat gagtgagcta acttacatta attgcgttgc gctcactgcc 6240 

cgctttccag tcgggaaacc tgtcgtgcca gctgcattaa tgaatcggcc aacgcgcggg 6300 

gagaggcggt ttgcgtattg ggcgccaggg tggtttttct tttcaccagt gagacgggca 63 60 

acagctgatt gcccttcacc gcctggccct gagagagttg cagcaagcgg tccacgctgg 642 0 

tttgccccag caggcgaaaa tcctgtttga tggtggttaa cggcgggata taacatgagc 6480 

tgtcttcggt atcgtcgtat cccactaccg agatatccgc accaacgcgc agcccggact 6540 

cggtaatggc gcgcattgcg cccagcgcca tctgatcgtt ggcaaccagc atcgcagtgg 6600 

gaacgatgcc ctcattcagc atttgcatgg tttgttgaaa accggacatg gcactccag 6659 

<210> 11 
<211> 6647 
<212> DNA 
<213> Artificial 

<220> 

<223> Custom DNA vector pMXS39 
<400> 11 

tcttttcacc agtgagacgg gcaacagctg attgcccttc accgcctggc cctgagagag 60 

ttgcagcaag cggtccacgc tggtttgccc cagcaggcga aaatcctgtt tgatggtggt 120 

taacggcggg atataacatg agctgtcttc ggtatcgtcg tatcccacta ccgagatatc 180 
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cgcaccaacg 


cgcagcccgg 


acteggtaat 


ggegegcatt 


gcgcccagcg 


ccatctgatc 


240 


gttggcaacc 


agcatcgcag 


tgggaacgat 


gccctcattc 


ageatttgea 


tggtttgttg 


300 


aaaaccggac 


atggcactcc 


agtcgccttc 


ccgttccgct 


ateggctgaa 


tttgattgcg 


360 


agtgagatat 


ttatgccagc 


cagccagacg 


cagacgcgcc 


gagacagaac 


ttaatgggcc 


420 


cgctaacagc 


gcgatttgct 


ggtgacccaa 


tgegaccaga 


tgctccacgc 


ccagtcgcgt 


480 


accgtcttca 


tgggagaaaa 


taatactgtt 


gatgggtgtc 


tggtcagaga 


catcaagaaa 


540 


taacgccgga 


acattagtgc 


aggcagcttc 


cacagcaatg 


gcatcctggt 


catccagcgg 


600 


atagttaatg 


atcagcccac 


tgacgcgttg 


cgegagaaga 


ttgtgcaccg 


ccgctttaca 


660 


ggcttcgacg 


ccgcttcgtt 


ctaccatcga 


caccaccacg 


ctggcaccca 


gttgategge 


720 


gcgagattta 


atcgccgcga 


caatttgega 


cggcgcgtgc 


agggecagae 


tggaggtggc 


780 


aacgccaatc 


agcaacgact 


gtttgcccgc 


cagttgttgt 


gccacgcggt 


tgggaatgta 


840 


attcagctcc 


gccatcgccg 


cttccacttt 


ttcccgcgtt 


ttcgcagaaa 


cgtggctggc 


900 


ctggttcacc 


acgcgggaaa 


eggtctgata 


agagacaccg 


gcatactctg 


egacategta 


960 


taacgttact 


ggtttcacat 


tcaccaccct 


gaattgactc 


tcttccgggc 


getatcatge 


1020 


cataccgcga 


aaggttttgc 


accattcgat 


ggtgtcctgg 


cacgacaggt 


ttcccgactg 


1080 


gaaagcgggc 


agtgagcgca 


aegcaattaa 


tgtaagttag 


ctcactcatt 


aggcacccca 


1140 


ggctttacac 


tttatgcttc 


eggctegtat 


aatgtgtgga 


attgtgagcg 


gataacaatt 


1200 


tcacacagga 


aacaggatcg 


atccatcgat 


gagcttactc 


cccatccccc 


tgttgacaat 


1260 


taatcatcgg 


ctcgtataat 


gtgtggaatt 


gtgageggat 


aacaatttca 


cacaggaaac 


1320 


aggatcagct 


tactccccat 


ccccctgttg 


acaattaatc 


ateggctegt 


ataatgtgtg 


1380 


gaattgtgag 


cggataacaa 


tttcacacag 


gaaacaggat 


etatcgatge 


ttaggaggtc 


1440 


atatgaaaat 


cgaagaaggt 


aaactggtaa 


tctggattaa 


eggegataaa 


ggctataacg 


1500 


gtctcgctga 


agtcggtaag 


aaattcgaga 


aagatacegg 


aattaaagtc 


acegttgage 


1560 


atccggataa 


actggaagag 


aaattcccac 


aggttgegge 


aactggegat 


ggccctgaca 


1620 


ttatcttctg 


ggcacacgac 


cgctttggtg 


gctacgctca 


atctggcctg 


ttggctgaaa 


1680 


tcaccccgga 


caaagcgttc 


caggacaagc 


tgtatccgtt 


tacctgggat 


geegtaegtt 


1740 


v — 04. v — \-j y i_>u.u. 


crc t era i~ t~ err* t* 


■h ^ rrrcra t ccr 

i— «. ^wj c-4. i— y 


c t cr 1" t" era a cr c 


cri - 1~ r t" ccrcf* n 

y Vw- \ — 0. u. \_ y i_» y 


d- 1— 1— l— C3- L»C*CH_»Ct 


1 Pino 


aagatctgct 


gccgaacccg 


ccaaaaacct 


gggaagagat 


cccggcgctg 


gataaagaac 


1860 


tgaaagcgaa 


aggtaagagc 


gcgctgatgt 


tcaacctgca 


agaacegtae 


ttcacctggc 


1920 


cgctgattgc 


tgctgacggg 


ggttatgcgt 


tcaagtatga 


aaacggcaag 


tacgacatta 


1980 
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aagacgtggg cgtggataac gctggcgcga aagcgggtct gaccttcctg gttgacctga 2 040 

ttaaaaacaa acacatgaat gcagacaccg attactccat cgcagaagct gcctttaata 2100 

aaggcgaaac agcgatgacc atcaacggcc cgtgggcatg gtccaacatc gacaccagca 2160 

aagtgaatta tggtgtaacg gtactgccga ccttcaaggg tcaaccatcc aaaccgttcg 2220 

ttggcgtgct gagcgcaggt attaacgccg ccagtccgaa caaagagctg gcaaaagagt 2280 

tcctcgaaaa ctatctgctg actgatgaag gtctggaagc ggttaataaa gacaaaccgc 2340 

tgggtgccgt agcgctgaag tcttacgagg aagagttggc gaaagatcca cgtattgccg 2400 

ccactatgga aaacgcccag aaaggtgaaa tcatgccgaa catcccgcag atgtccgctt 2460 

tctggtatgc cgtgcgtact gcggtgatca acgccgccag cggtcgtcag actgtcgatg 252 0 

aagccctgaa agacgcgcag actaattcga gctcgaacaa caacaacaat aacaataaca 2580 

acaacctcgg gatcgaggga aggatttcag aattcggatc cgagctcaag ctttctagac 2 640 

tcgagattgt ggcgaccggc ggcaccacca ccaccgcgac cccgaccggc tccggcagcg 2700 

tgacctcgac cagcaaaacc accgcgaccg cgagcaaaac cagcaccagc acctcatcaa 2760 

cctcctgtac caccccgacc gcggtggcgg tgaccttcga tctgaccgcg accaccacct 2820 

acggcgaaaa catctacctg gtgggctcga tctctcagct gggtgattgg gaaaccagcg 2 88 0 

atggcattgc gctgagcgcg gataaataca cctccagcga tccgctgtgg tatgtgaccg 2940 

tgaccctgcc ggcgggtgaa tcgtttgaat acaaatttat ccgcattgaa agcgatgatt 3000 

ccgtggaatg ggaaagcgat ccgaaccgcg aatacaccgt gccgcaggcg tgcggcacct 3060 

cgaccgcgac cgtgaccgat acctggcgct aatgagtcga catcgatgat aagctgtcaa 312 0 

acatgagcag atctgagccc gcctaatgag cgggcttttt tttcagatct gcttgaagac 3180 

gaaagggcct cgtgatacgc ctatttttat aggttaatgt catgataata atggtttctt 3240 

agacgatgcg tcaaagcaac catagtacgc gccctgtagc ggcgcattaa gcgcggcggg 33 00 

tgtggtggtt acgcgcagcg tgaccgctac acttgccagc gccctagcgc ccgctccttt 33 60 

cgctttcttc ccttcctttc tcgccacgtt cgccggcttt ccccgtcaag ctctaaatcg 3420 

ggggctccct ttagggttcc gatttagagc tttacggcac ctcgacccca aaaaacttga 3480 

tttgggtgat ggttcacgta gtgggccatc gccctgatag acggtttttc gccctttgac 3540 

gttggagtcc acgttcttta atagtggact cttgttccaa actggaacaa cactcaaccc 3 600 

tatctcgggc tattcttttg atttataagg gattttgccg atttcggcct attggttaaa 3 660 

aaatgagctg atttaacaaa aatttaacgc gaattttaac aaaatattaa cgtttacaat 3720 

ttcatcgtca ggtggcactt ttcggggaaa tgtgcgcgga acccctattt gtttattttt 3780 

ctaaatacat tcaaatatgt atccgctcat gagacaataa ccctgataaa tgcttcaata 3840 
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atattgaaaa 


aggaagagta 


gtactttaga 


aaaactcatc 


gagcatcaaa 


tgaaactgca 


3900 


atttattcat 


atcaggatta 


tcaataccat 


atttttgaaa 


aagccgtttc 


tgtaatgaag 


3960 


gagaaaactc 


accgaggcag 


ttccatagga 


tggcaagatc 


ctggtatcgg 


tctgcgattc 


4020 


cgactcgtcc 


aacatcaata 


caacctatta 


atttcccctc 


gtcaaaaata 


aggttatcaa 


4080 


gtgagaaatc 


accatgagtg 


acgactgaat 


ccggtgagaa 


tggcaatagc 


ttatgcattt 


4140 


ctttccagac 


ttgttcaaca 


ggccagccat 


tacgctcgtc 


atcaaaatca 


ctcgcatcaa 


4200 


ccaaaccgtt 


attcattcgt 


gattgcgcct 


gagcgagacg 


aaatacgcga 


tcgctgttaa 


4260 


aaggacaatt 


acaaacagga 


atcgaatgca 


accggcgcag 


gaacactgcc 


agcgcatcaa 


4320 


caatattttc 


acctgaatca 


ggatattctt 


ctaatacctg 


gaatgctgtt 


ttcccgggga 


4380 


tcgcagtggt 


gagtaaccat 


gcatcatcag 


gagtacggat 


aaaatgcttg 


atggtcggaa 


4440 


gaggcataaa 


ttccgtcagc 


cagtttagtc 


tgaccatctc 


atctgtaaca 


tcattggcaa 


4500 


cgctaccttt 


gccatgtttc 


agaaacaact 


ctggcgcatc 


gggcttccca 


tacagtcgat 


4560 


agattgtcgc 


acctgattgc 


ccgacattat 


cgcgagccca 


tttataccca 


tataaatcag 


4620 


catccatgtt 


ggaatttaat 


cgcggcctgg 


agcaagacgt 


ttcccgttga 


atatggctca 


4680 


taacacccct 


tgtattactg 


tttatgtaag 


cagacagttt 


tattgttcat 


gatgatatat 


4740 


ttttatcttg 


tgcaatgtaa 


catcagagat 


tttgagacac 


aacgtggctt 


tccccccccc 


4800 


cccgatcgga 


ggaccgaagg 


agctaaccgc 


ttttttgcac 


aacatggggg 


atcatgtaac 


4860 


tcgccttgat 


cgttgggaac 


cggagctgaa 


tgaagccata 


ccaaacgacg 


agcgtgacac 


4920 


cacgatgcct 


gcagcaatgg 


caacaacgtt 


gcgcaaacta 


ttaactggcg 


aactacttac 


4980 


tctagcttcc 


cggcaacaat 


taatagactg 


gatggaggcg 


gataaagttg 


caggaccact 


5040 


tctgcgctcg 


gcccttccgg 


ctggctggtt 


tattgctgat 


aaatctggag 


ccggtgagcg 


5100 


tgggtctcgc 


ggtatcattg 


cagcactggg 


gccagatggt 


aagccctccc 


gtatcgtagt 


5160 


tatctacacg 


acggggagtc 


aggcaactat 


ggatgaacga 


aatagacaga 


tcgctgagat 


5220 


aggtgcctca 


ctgattaagc 


attggtaact 


gtcagaccaa 


gtttactcat 


atatacttta 


5280 


gattgattta 


aaacttcatt 


tttaatttaa 


aaggatctag 


gtgaagatcc 


tttttgataa 


5340 


tctcatgacc 


aaaatccctt 


aacgtgagtt 


ttcgttccac 


tgagcgtcag 


accccgtaga 


5400 


53 54 53 f~r a tr'aaa 


rfrra t~ 4— 4— /-« 4— 4— 




4—4—4—4— j— « -l— rrnrrr 1 


Ct t— 53 53 +—/-<+- (~r r~* 4- 




D4t Q U 


aaaaaaacca 


ccgctaccag 


cggtggtttg 


tttgccggat 


caagagctac 


caactctttt 


5520 


tccgaaggta 


actggcttca 


gcagagcgca 


gataccaaat 


actgtccttc 


tagtgtagcc 


5580 


gtagttaggc 


caccacttca 


agaactctgt 


agcaccgcct 


acatacctcg 


ctctgctaat 


5640 



18 



WO 2005/067601 PCT/US2005/000302 



cctgttacca 


gtggctgctg 


ccagtggcga 


taagtcgtgt 


cttaccgggt 


tggactcaag 


5700 


acgatagtta 


ccggataagg 


cgcagcggtc 


gggctgaacg 


gggggttcgt 


gcacacagcc 


5760 


cagcttggag 


cgaacgacct 


acaccgaact 


gagataccta 


cagcgtgagc 


tatgagaaag 


5820 


cgccacgctt 


cccgaaggga 


gaaaggcgga 


caggtatccg 


gtaagcggca 


gggtcggaac 


5880 


aggagagcgc 


acgagggagc 


ttccaggggg 


aaacgcctgg 


tatctttata 


gtcctgtcgg 


5940 


gtttcgccac 


ctctgacttg 


agcgtcgatt 


tttgtgatgc 


tcgtcagggg 


ggcggagcct 


6000 


atggaaaaac 


gccagcaacg 


cggccttttt 


acggttcctg 


gccttttgct 


ggccttttgc 


6060 


tcacatgttc 


tttcctgcgt 


tatcccctga 


ttctgtggat 


aaccgtatta 


ccgcctttga 


6120 


gtgagctgat 


accgctcgcc 


gcagccgaac 


gaccgagcgc 


agcgagtcag 


tgagcgagga 


6180 


agcggaagag 


cgcctgatgc 


ggtattttct 


ccttacgcat 


ctgtgcggta 


tttcacaccg 


6240 


cataatggtg 


cactctcagt 


acaatctgct 


ctgatgccgc 


atagttaagc 


cagtatacac 


6300 


tccgctatcg 


ctacgtgact 


gggtcatggc 


tgcgccccga 


cacccgccaa 


cacccgctga 


6360 


cgcgccctga 


cgggcttgtc 


tgctcccggc 


atccgcttac 


agacaagctg 


tgaccgtctc 


6420 


cgggagctgc 


atgtgtcaga 


ggttttcacc 


gtcatcaccg 


aaacgccata 


cgagccggaa 


6480 


gcataaagtg 


taaagcctgg 


ggtgcctaat 


gagtgagcta 


acttacatta 


attgcgttgc 


6540 


gctcactgcc 


cgctttccag 


tcgggaaacc 


tgtcgtgcca 


gctgcattaa 


tgaatcggcc 


6600 


aacgcgcggg 


gagaggcggt 


ttgcgtattg 


ggcgccaggg 


tggtttt 




6647 



<210> 12 

<211> 35 

<212> DNA 

<213> Artificial 

<220> 

<223> 5* PCR primer for pCWin2-MBP-MCS-SBD (pMXS39) expression vector 

<400> 12 

tgtatcctcg agattgtggc gaccggcggc accac 35 

<210> 13 

<211> 38 

<212> DNA 

<213> Artificial 

<220> 

<223> 3' PCR primer for pCWin2-MBP-MCS-SBD (pMXS39) expression vector 

<400> 13 

aagcttgtcg actcattagc gccaggtatc ggtcacgg 38 
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